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ON THE EVALUATION OF THE PARAMETER o-., IN 
CHAPMAN’S FORMULA FOR DETERMINING 
THE IONIC DENSITY OF THE E LAYER 

By M. M. SENGLIPTA* and S. K. DUTT 

(Received (Of piibliatfioH Nov. 2^), 

ABSTRACT. Tn our picvious paper it he^n inenlioueil tlml the disen pain y :if Ihe 
the iretical values of ionie fiaan (‘xperiiiviital ones lor K layer is due ma’iily to the 

as.sninptioii of taking »ro const mt during day aiifl night In the pri'sent paper lliefliilhors 
give tlic values of tr„ whi. h seem lo give (he l)es( agreement possible 

111 a previous i)aiier (SeiiKupta ami Diitl, loiC '• was sliown by llii; authors 
that ill the early part of the iiinlit of winter months of iy/|0-4i ladio waies of 
frequency .Sio ke/s transniilted from the Calcutta .Station (Lat, 22°34'N, I,oun. 
'^^°55'H) reached Patna (I/at. 25‘^30'N, Louk. .S 5'^! 5'E) after reflection from 
the 1C layer while in the same period of night of summer months of 1941 those 
waves penetrated the hC layei. It was also iiointed out that our results were 
in agreement with those olitaincd at Watheroo (Lat. 30'^ 19'S, Long. 115° 53'E) 
whicli lias almost the same latitude as Patna but in the 0))posite liemi.sjdicre. 
This type of result could not he predicted from Cliapman’s ^1931) formula 
with a eonslanl value of the parameter (r„ in the foimnla tlnougliout day and 
night and for ail seasons. In the present woik an attempt has been made to 
find suilahle day-time and night lime values of fr„ for summer and winter 
months, 

Curves showing the variation of ion density witli time (v, </>) for June and 
Deceailier of Watheroo, are given in Figs, i and 2. Tables I and II give the 
values of the critical frequencies (/,) for tl layer at Watheroo observed by 
Parkinson and Prior (1939. 19^0, 1941) by the modern automatic irulti 
frequency equipment for June of years 1938 to 1941 and for December of yeais 
1938 to 1940 respectively. Squaie values of the critical frequencies arc cal- 
culated and finally the squares reduced lo fractions by a suitable choice of a 
factor such that the midday value (obtained from the graph of hours and 
squares of critical frequency) coi’responded to tlie theoretical value of v 
where 

v=n/«p; n = ion-deii.sity at any time. 

n„-the maximum steady value of m if the rate of production of 
ions were to remain conslattl at its maximum possible value. 

All tire critical frequencies /, in Mc/s arc for the E layer at Watheroo 
(lat. 30“ 19'S, Long, 53'ii). 

* Pejlow of tlie Intliaii Physical Society. 
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Pipf Chapmairs llicory (1(131)01 ionization of Uie np])er atmosphere has 
been apjilicd to construcl cinves for Watheroo showing the variation of ionic 
density witli time (e, f/>J. (Tlie notation is according to Chapman's paper). 
In actual construction the simple aiiproximate method of Millington (1932) 
t')gether with his envelope correction (1935) has been made use of for solving 
the fundamental difTerontial equation and obtaining the upper limit of theo- 
retical V values. Allempts were made to find the best fit with the experimental 
values by taking diffcient constant values for both day and night of parameter 
such as o.oT, 0.02, 0.03, etc. and the results for December and June are 
shown in Figs, i and 2, Ilcie the aveiage declination of the sun for the 
resj^ective months has *been considered and for greater accuracy points were 
obtained at close intervals by making for a few hours around 

noon and 03 — ^>1 = 0.05 for the hours near sunset and sunrise* These results 
indicate that by taking constant for day and night there is no good fit. 
It may be noted that for a few hours round about noon, curves drawn with 
difTerent values of practically overlaj). The elleet of alteration in the 
value of is most promauiced during ail hour or so before sunset. The 
yixXw of (rg corresponding to the best agreement between the theoretical 
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iUitl Lwpci inieiital curves dining this period, was, Iheiefore, taken as the value 
j-’iviiiM a gootl fit. The value of = 0.01 no doubt agrees closely vvilh 
tJie Miiiiiner Jiionth of Deeeiiil.ei of Watlieroo mid 0.03 for wiuter month of 
June for day-time only ; h it during iiighl-time the agreement lads. 

Now, according to the theory there should be continuous decay of ionic 
density during the night. The iwoper values of (To, therefore, for the night 
were obtained directly from the experimental observalion.s of continuous 
decay of the ionic density during night. It may be noted, however, that 
for the evaluation of the above, observations were confined to early part of 
night only to avoid complications due to replenishing of the ionization which 
has been observed by Mitra (1938) and by Best, Farmer and Ratclifle (1938) 
in tlx- later part of night about 4 hours before snnri.se. The values of night- 
time tro that were obtained directly are given iu Table 111 and are found to be 
diflercnt for different seasons. They are also found to differ from day-time 
values for iJecember and for June) giving the best fit. 
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December, 1938 

... 0.029 

June, 1939 
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July, 1939 

0.064 
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r>i*reiiil)er C urvc.s 

r*' nxporiiiionlal rnrvo fiiu aii fur vcars 1938-40 
□ .Vuint.s of theoretical curve ^^ith rT0 = (),o.> 

A. ..Points of tlnorctical curve with rrn^^o.oi 


June Curves 

tD,.. Experimental curves Inuan for rears 1938^4 
Points of theoretical curve with otq^.oj 
□ ..Points of theoretical curve with iro= 02 
A... Points of theoretical curve with (ros=.oi 
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Ilnurs 

iMCi. 3 

A, A . ..Tlu'niTlii'iil curve’ Juiji*, mj <'urvL' (lull line) 

<rQ — o 03 eluv tJiiic) 

<ry-~o,o59 ' 

..IvNlK'iijjjcuUil uirvc Dccciubcr, 3iS emve ihrokcn liiivi 

effl 0.01 (das -lime) 

0.029 (niglit-tiiiic) 

'I'o obtain the best lit, therefore, it is necessary to take diflfereiit values 
of ctq for seasons as well as for day and night. The theoretical ciuvcs of 
I'^ig. 3 are drawn with <^^ = 0,01 (day-time), — 0.029 biight-tinie) for 
December (summer) and with crj) = u.o3 (day-tirne), 0^0 "^0.059 (night-time) 
for June (winter) in which the experinieulal data arc also plolted fur compari^ 
son ; the agreement comes out to be very close both for day and night and 
for seasons also. 

Summer and winter (u, 0) curves derived from Chapman s formula with a 
constant values of for day and night throughout tlie year, will not 
intersect each other as tlie rate of ionization at any hour in summer is greater 
than that in wdiiter for the .same hour. But with different values of the 
theoretical curves (Fig. 3) do intersect and agree with the experimental 
observations. The net result of different values of is that the night-time 
ionic density of E layer for winter is larger than that for summer, though the 
noon value for the latter season is mucli higher than that for the winter. 
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Tliat <r(, has difTerenl valiics for ir.ghl ami day has been observed by 
Best, I'anncr and RatclifTe (/or. til.). They found tlial for both suiinner and 
winter the nighl-tiine value of (r^ is o.ogS corresponding to reconibiiialion 
co-efficient a = 4 X lo"* and day-time value of a little gieater tlian o. 032 
corresiionding to «=i.axio””. That it is necessary to assume a greater 
rate of recombination during the day than during the night, is confirmed by 
some curves calculated by Wilkes (11J39) from observations made at Washing- 
ton (Lat. 38'’ 50' N, lyOng. 77"' on' W) on 31st August, 1032, when an eclipse 
of the sun look place, <5 by Kirby, (lillilaiid and Judson (1936). lie points 
out that the day-time curves on eclipse day with fr„ = o, a very large or 
ctq = 0,032, fit in with the experimentid curves belter than the one for 
(r„ = o.oy8. Hulburt (1930) concludes that during day-time the available 

data favour fT„ = o.()i() (01=2 x io“"J but do not iireclude an even lower value 
of 'r,,, i.( a higher rale of lecombiiiatiou. ^ 

Another point to be noted is that the summer night lime value of <rA 
for Wallieroo is found to be approximately 3 limes tlie day-time value of (r(,\ 
while winter niglil-tnne value is twice that during day-time. The night-' 
time ami day-time values of (r^ as observed by Best, Farmer and Ratclifle 
aie in the ratio of 3:1. 

From the above it is clear that the values of oy obtained from the data of 
Watheroo are quite probable in view of the determinations of Iliilbnrt, and 
of Best, F'armcr and RalclilTe. It has been shown by us (vSengU])la and Dutt, 
1944, iliat the behaviour of the iono.s])liere in the Patna-Calcu4ta legion 
faboiil at'-’ N latitude) has been expeiimentally found to be similar to that of 
Wallieroo, so far as the ionic densities of summer and w'inter arc- concerned ; 
it, therefore, seems that the most probable values of cr,, for latitudes 24° to 
30-^ North or South, may be taken as given above. 

PnVSICS hAllOKATOKY, 

SciiiNTit Coicnoii, 

Paixa 
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MELT VISCOSITY PART I~3HELLAC 
AND ITS CONSTITUENTS 

By SADHAN BASU 


>j\cccivtui 5, io.]v] 

, ABSTRACT. The aeti\ati'Mt tor vi^'mis IIdu tor (lc\Na>Lt(l siielhir, liartl U'.sin 

and soil resin have hceii fotiiicJ to be 3 ‘S 13, 34 . K'‘ id lespeetivcly. Tiu se hij.:h 

artivaliiMi ener^^LV v.alnes Irave been exjdained as due lu the ni>i^reKatir)n rjf prdar ninleenh'S to 
[jis e bi.i^e^er ‘micelles* 

The value of the viscous voluiiK h>r dc\sa\ed shell, le, y jc. ^'‘e.e.‘ ha^ been hriiiid 

to be nearer to the value of soft resin <7 50 x !<• Uian to that of hard resin (4 5b x 10 
\ tentative explana tioii fur this lias been offered 

It is also found that of all the molecules that are activated only a small fracti m are 
^ni table oiientcd for flo^v. 


] N r K ( I D U C T J O N 

A really cfncioiil use of a plastic material for inonlcliiiR pni poses 
cleinaiitls a tliorougli knowledge of its structural piopenies. The factors on 
wliicli ultimately such properiles rest are the chemical units, length, flexibility, 
orientation, the nature of the side groups and the effective forces Ijctwecn 
the units. The forees hetwceii the Imilding units, for instance, vary within 
wide limits, being veiy strong for the primary valency bonds and relatively 
weak for secondary van del" Waals’ forces. They akso vary greatly depending 
on whether the attraction is between polar groups or between uon-polar groniis, 
the attraction in the former case being .stronger than in the latter case. It 
has been shown by Grunberg and Nissan that the activation energy for 
viscous flow is a measure of the cohesive forces bcivveen the non-polar units, 
but m the ca.se of polar substances the energy is much greater owing to 
association which leads to the forniaiion of aggregated micelle . I he signi- 
licaucc of tliis aclivaliori energy for viscous flow has been given by Kyriug 
and others (1936, rejsya, 1937b), and Smallwood (r 937 ) and its relationship with 
the size of the moving unit as also its orientation has been clearly biough, out. 
Though shellac has long been used in the production of moulded articles not 
much is kuowm about its structural units, particularly the stale of the molecules 
as also the forces between the units. To fill up this gap in our knowledge, a 
series of investigations have been planned and partly carried out on shellac 
and its various modifications that are used in moulding operations, the present 
paper, which is the first of a series, summarises the results of viscosity studies 

on molten shellac resins. 
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The /ground stone in liynng’s deduction lies in the recognition of the 
fact that ill most cases jfJoiv lakes place by movement of activated or energy- 
rich molecules wliicli allow all transiiort phenomena, such as viscosity, diffusion 
etc , to be ireated logically by the theory of reaction rate, considering the flow 
process as a uniimilecniar chemical reaction. 

Qiiantiini iiiec'hanically speaking, the molecules in a liquid are confined 
by Van iler Waais fou cs to a region of minimum potential energy. In course 
of statist 1C. il naclu.iliou, some molecules may acquit c energy in excess of the 
average and as a result may escape from one potential minimum to another 
adjacent potential niiiiitrium corresponding to a different energy value. In the 
state of equilibrium the jumping of the molecules will take place unifornily 
in all directions, 'flic application of a shearing stress to the liquid, however, 
causes a lowering of activation energy corresponding to motion in one 
particular direction, ic., the number of jumps along the direction 
oi applied stress preponderates over that in the opposite one, which is the sam^ 
thing as saying that the liquid flows along the direction of a^iplied stress. 

Deducing the rate of forward and backward flow fioin tlie above considera- 
tion Small wood (lor. cii.,) has obtained an expression for the viscosity, namely, 




h 

/.T 


exi 


Ko/cr 


siiih 


/of 


0 ) 


wIkic / “-applied stress, A'g = equilibrium constant, K() = depth of th« potential 
height, I.C., the activation energy in absence of shearing stress, Ag and A j 
distances heuveen moving units in two given directions, Aj distance between 
two moving parallel layers, A the distance through which each molecule jumps, 
,'v”= liolt/mann’s constant, T= absolute temperature, and /< = Planck 's constant. 

In the case of non-Newtonian liquids, equation (i) changes into 


'/=y 



I 



which may be written as 


h 

A-T 


exp. 


Ko ~ J/AAjj^ 
IcT 


(2) 


t] — A. f. exp. 


a~- b j 

f” 


(3) 


This equation has been applied by Smallwood {loc. cH.,) as also by Kwcll 
{193S) to the case of rubber in elucidating the flow inocess and calculating its 
structural constants. In the present paper an attempt ha.s bee:; made to apply 
this method to the case of shellac and its constituents and examine the results 
with a view to throwing light on the structural prol)lem. 


EXPERIMENTAL 

Apparatus . — The measurement of viscosity of the molten resin was done 
by means of a modified form of Ostwald’s viscometer first suggested by Lee 
(19JI4I for tar. The original apparatus of Lee was modified for the present 
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investigation since witlioiit iiiodificatiou the filling up of the V'isconielcr 
proved very difficult and complete eliminatfim of air hubbies from the melt 
was found almost impossilde. Further, a sijigle lueasuremcnt with Lee’s 
uiiuiodified apparatus would require a very much longer lime ami therefore 
involve some possibility of shellac undergoing ])olymerisation. VVitli the 
modified apparatus, however, a i)eriod of about half an hour was found 
sufficient for the measurement {o be complete, which, since the temperature 
was ]k‘1ow ICO C, reduced the chance of polymerisation to an insignificant 
degree. 



l‘lG. I 

The diagram of the modified apparatus is shown in Fig. i. The driving 
pressure was applied by means of a mercury column, the free surface of wliicli 
served as an index to the flow of resin. The viscometer was made of glass, 
the approximate dimensions of various parts of which are indicated in Fig. r. 
Sufficient mercury was poured into the visconietci so as to fill it u]) to C or 
from A to D. The amount of molten resin, required to fill the viscometer 
fioni C to H, was found out by Inal. The viscometer was placed in an oil 
thermostat and when a steady temperature had been attained, suction was 
apldied at the upper end of A. Tlie resin from Cii moved down into the 
bulb 1). Tlie movement of mercury was observed in tlie tube AB and the time 
taken by it to move from A to B was noted when connection was cslablislied 
with atmospheric picssure. 

The apparatus was first calibrated with technical glucose jelly of Baker, 
the viscosity of which had l>ecn first determined with a falling sphere 
viscometer. ,The viscosity measurements were done at the same temperature 
with both the instrunients. The viscosity inOslwald viscometer is given by 
»/ = kt where t is the time taken by the mercury to move from A to and 

2 — 1639P— I 
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k is a constant for the apparatus. Tlie value of k was found out by 
calibrating tlie viscometer with teclinical glucose. 

To measure viscosity at various shearing stresses a three-way stop-cock 
was attached at the Lipi)ei end of A by wliich both suction and high pressure 
could l)e applied as required, the pressure being registered by means of a 
mercuty manometer. 'l‘he slieariiig stress was calculated from the following 
equation 

rAp 

^ 2 / 

where A]^” driving pressiue, ? = the radius of the tubeCF, and / length of CF. 

I 

rrnccdurr.- Tin; cvaluiition of lilt constants in tiiuation (3) was effected 
l)y a Kiaidiical HKlliod. The e(|iiation (3) was first Iransfonned into \ 

If’K I t) A + ... , (4u) 

2.3 1 


and log 10 >j=(logio A+log,o /) + 


a — hj^ 
2'.3'r 


(4h 


The slope of the curve obtained by plotting logio ^ against i/T at a constant 
stress gave the value ((7-(//)/2.3 ; similarly, h/2.3'i' was obtained by plotting 
lf>g 1 (iV// '/’ at a constant temperature. The values of a, h and A in 
eipiation (3) thus obtained could be employed in finding out (viscous 

volume) and Ko (activation energy) from the relation /> — AAoA;. /^-T, and 
(i = rio//>- further Ko being the activation energy fora molecule, the value 
of molar activation energy E'o is given by uR, where R is the gas constant. 


R E S U b T vS 

The experimental values of viscosity at different teui])eraturcs for hard 
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icbin, (Icwaxctl slicllac aiul rcsiii arc .i^ivcii in TalJcs 1, II ami III, aud 



< ) Sufi ri'.sin 


I'AIiLR 1 

6.5JIZI X 10’ dyllL‘^/clJr 
Haiti Res} 11 



TeiiipcriilurL* 



Viscosit_y in 




T"K 1 

1 1 /Txin 3 

puis iv) 

l"Elo 

S5 

1 

35^ 

1 

2.79 

- 7 *^^ 9-55 

4 ' 4 ,VI 9 

go 

1 

363 

1 2-75 

j 7,526.80 

3.8766 

95 

! 

368 

2.71 

2,787.4s 

3.44.51 

100 

) 

373 

2.67 

1 


3.J182 




Tahlic 11 





/ = 6.5 ’i/j X io‘* dynus/ 

ciir' 





So/i Resin 




Tempera tun 

I 



Visrosity in 



1 

1 

i/Txu )-5 

puis Iv) 

1 

logio 

45 


~ 1 

318 i 

3 

r ' 

117,912 

.s.'jyis 

50 


323 

3 ‘'9 


4. 77' >5 

57 


330 

303 

20,810 

4.3*83 

60 


333 

j 1 

i<o 4 o 5 | 

4.0191 
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Table III 

/= 6.5214 X 10’ tlyiies/iiii" 

l)c7i>axcii ShcHac 


Temperature 







Viscosity in 



T K 

1 

t/T X 10 

pois (vi 

loRlO 

81. 

353 

2.83 

22,505.00 

4-3523 


358 1 

2.79 

10,062.95 

4AHJ24 

c^o 

3^3 

2.75 

4.533 *5 

3 6561 

95 

368 

2.7J 

2|' 54-05 
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l'‘i(v. 5 
Soft resin. 


Tadij.; V 

^l uiiipcrature^ 318 K 
Soft Resin 


’lies /nil" X K 

Vis('usit\ ill pois * 7 }^ 

v/l 

li'Kio 11/^ 

6 521,1 

Il7,gl2 

iS.nSu 

1.2572 

T0.fU)6o 


7 94 

(i.gooo 

i4.ggiio 

(15,8^2 


0.6425 

22 igio 


1 .4S0 

0.1703 


Tatujc VI 

TenipcTatnru = 356''K 
Dewaxed Shellac 


/ in dynes /cni^ lu ^ 

Viscosity in pois (17) 

■nil 

loKio 4// 

6.5314 

18,518.40 

2.842(j 

0-453, S 

14.6170 

8 ,.sH 4 .os 

0.5970 

“0 2314 

22.99T0 

5>3'’4.7.S 

0.2300 

0.6383 

30.2^0 

3,932.30 

(J.I2(>0 

”-o 8894 

40,4840 

3,150.70 

0.0778 

-1.1090 
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'llic values of a, b and A as obtained from flic j^raplis (2-5) alid 
above (lata as also li^, and A A3 A;, calculated tiierefroin are .^iveu in Table 
VIL 


Table VH 



! ^ 

i 

! 

! 

; 

A 

; K'o(K-caIj 

1 

A A2 A^ 

ifn 

Moleeulai 
volume in 
c c. 

Hard resin 
Soft resin 
Dewaxed 
hliellae 

I,7lnS N 
j , 97 (./| 4 

1 1X56 X 

2 764 ^ i'l " , 
...775 X 11, 2 

j 817 X ID 22 

2 X JO 

1 

1 

47 t >73 
33-335 

3 « >33 

4 ,S 57 X 10 19 , 

7 5(124 X 10 "'O 

X io‘ 

2 96 X 

u [)7 X 

' 1 -Sy ^ 


DISCUSS JON 

\ 

( ouslanl b — b"oi all the three substances used in tlic above expcriiiienHs 
the value of A A., A., js found to be much hi.i^Jier than the iictual molecular 
volume. If, as an explanation of this, it is assumed that a molecule takin.L^, 
part in the flow has to move throu^di a distance iiiuch , greater than its own 
linear diiiieiisioiis then the activation eiier.ey lor such flow process inusl 
be hij>hei than the vaporisation encrj;y (Kau/ammu and Kynim, 1040), 
winch would mean that activation would lead to vaporisal ion ratlier than to 
flow. Thus the only j»robablc explanation seems to be that the movine, 
units themselves are much bii’^icr than the individual molecules, ^ they^ 
exist in the form of micelles ThCvSe micelles aic, in the broadest sense, 
defined as clusters of molecules held lo.uethcr liy secoiidaiy valency forces. 
This, however, does not sungtst that the micelles, during tiie course of flow, 
move bodily through a distance equal or nearly equal to their length in any 
direction. In fact, this cannot happen in shellac resins wliich contain a 
luiinlier of active jiolar groups. I'or as a biiicelle' flows, secoiidaiy 01 dipole 
bonds between adjacent micelles arc broken, but before it can go very far 
the Inokeii bonds will recombine with the loose ends of anotlier micelle. 
As a result the micelle will move by jumps between successive i)ular goruiis 
i.c., flow takes place by segments. The smaller the number of ])ular groups 
and the more widely they arc distiibuted on the surface of the micelles the 
gieaier will be the distance jumped by the micelle. Thus in soft resin, 
wliere the number of polar groups is smaller, the viscous volume is relatively 
large, be., the distances between the successive iiolar grouj)S are great, 
whereas ui hard resiii, with its largei number of polar gloiq^s, the encounter 
between the broken end^ will be more frequent, resulting in a smaller viscous 
volume for it than in case of soft resin. 

Coming to the case of shellac, if it were a simple mixture of hard and 
soft resin without mutual inleracliou, it might be expected to obey the 
ideal mixture law and accordingly, the values of these or any othei constants 
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would be strictly dcducablo ns n wcijilitcd mean, fioin the conespondini; 
values of its conslihienl resiu^. Aclnally, hovvevei , the value of AA^jA., 
ioi shellac is toiuid lo hu iiiiuli .ercatcr than >uch a weii^lUetl mean. 
Tliis is either l^ccause in shellac, tlie soft resin is inchuled in tlie hard resin 
micelle, or because the soft lesiii brinies about some modification in the 
orientation of the hard resin such that spatial seiiaration of ]>olar .eJ'otips on 
tlie surface of the micelles is somehow increased. 


Constant VJf ). — The values of KT. br., the activation ener^’y per mole 
as calculated for shellac, liard lesin and sofi resin aj)|)enr to be too luKh to 
be caused by lla. usual tyj>e of weak van der Waals’ forces. A [irobable 
explanation for this may be found in tlie iiresence of a lari^e ninuber of hi.i^hly 
active polar .eronits, hydroxyl and carboxyl croups in llie molecules, 
which means lliat any flow iirocess iiivolviipu transiiorl of such moleeiiles 
imisl recjuire, besides I he usual ener.ey lo overetnne van der Waal’s forces, 
considerable additional enere> on aceoiinl of a relatively lar^e number of 
secondary or inter-inoleCLiIar hydro.i^en bonds tliat must be liroken in brin.e- 
irie about the activated slate. The activation enepey, in other words, would 
be j)artly 'structured' , 

It has been shown by Kair/mann and Hyriim (Joe. cit ) that for non- 
associate«l substances; inciease in molecular weight causes but .1 small 
-increase in the activaiion eiier.uy : but tile difference in the activation ener^’y 
of liard resin and soil reshi is loo lar.ee to be accounted for merely on enuind 
ofMheir difference in niolecular wei.eht and may be explained only on the 
assnmj'jtion Hint both liard and soft resins aie associated 01 aeet t^.^ateil, the 
extent of aee^ceaiion beine much eieatei in tlie forniei than in tlie latici. 

Constant A.— 'i'lie value of A from the eejuation (3) comes out to be 
ecjnal to 

h:, 

A ‘ /v'o ’ AT ’ 


which from the theory of reaction rate becomes 


A = pa,/A) (F«/F* ) 



(4) 


where P is the probalnlity factor, TSi and F« ai'c tlie paitilion functioxis of 

the initial and the activated states resiiectively, the other terms haviim the 

same sienifi<^‘ance as stated previously. Since A, and A will have the same 
order, if not the same value, A, /A may be taken as approximately unity. 
Hence from (4) we .eel 


P(F«/Fjf ) = A!ff (S) 

The values of tlu' rmlit hand side of the equaiion (.s) as oblained for hard 

and soft resins arc 2.05 x to"'" and 5.? x k"’" respectively. This is evidently 
a very low value and may be due to llie fact tliat either both P and (F«/FS' ) 
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aiL- small or one of llu- factors very small in comparison with the other. 
Since, however, cannot he les.s than unity in which case the activated 

state would be more favoured liiaii the normal state, P must be very low. 
This means that of all the molecules that are activated, only a few satisfy the 
s]>atial ref]uirement to jump from one potential minimum to anothei. In 
other words, the molecules must be favouiably oriented before they can 
‘jum]»’ on activation. 
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RING DEPOSITS ON SURFACES BOMBARDED 
BY CANAL RAYS 

R\ V. T. C^HIPLONKAR 

(Ri'CCiiCil ti>t t* nhlhnl nt}}^ 

iPliitus lA Tiid IIVi 

ABSTBACT I Ik* jviiK r witli a drlailc-d i>ii Dx' fornintinii itf tlic 

fl( p>)sits with tlu* stnutiin, on ^iirlai'cs, dnr l>i)ui))Mr(liiK’tit l>v pom’tjsc 

in thr ohstM'vatioi] ihambn of a oaiial rii\ tula ni 11k- nsmo sitiiplp Isin (when hvflDMarlM^ii 
sul)stanp(*s are pii*si*nt in lln; disiliarnc tiibi*) 'I'lu plionoinntioii lias lua ii stndird a^ a funv 
tion of tho nature and ('ondition uf tlu suifma b'unbaided, naliiit' of tlu* ^as \n tlic disv'Jmrm* 
lulu, i*nerp'v of llu* r.ns, linu* lor wliioli tlu Ijoinb/mlinenl takes [llaet^ rti' Special rxpni 
UU’tits ai (’ re]Hji led wliieli wen cairied f)itl to eliicidali* tlx nit'clianisin of Ijj tlu* dt.*pii^,jt 
formation, (?) origin and dc \ ek^piiuiit of tlu* rin^ stiiictnn The lesults oMaiiu'd lm\e been 
linaH\ diseus^eil and ;i nu elianisin snei^esttd tbi ilu* deiu-sit formation 


1 N T R ( ) |) r C T 1 ( > K 

'I'lic foniialioii oi deposiLs, in discharge tul)cs unde r dilTurent foniis of 
discliai ue, lias olleii pioved of inleresl and lias led lo inteicstiibi: rt“sul1s on the 
space ilistribution of Ihc potential in the tube*. The foiination of deposits, on 
surfaces bombarded by canal rays in the c>bservati(m cliainlter of a canal ray 
tube, takes place luulei conditions which are nun li siinvdei , as this sjiace is tree 
(»f the electric field, black deposits are known to form on plates of glass rn* 
metal when bombarded by canal rays which have not l)een passed throngli an 
analysing Held prior to the impact. An examination of these deposits by 
electron diffraction led Raelher (1933) to asciibe theiTi to carl)On, produced 
from the decuiripositiou of the hydrocarbon vapours usually present in the 
discharge tubes. U'hat these deposits show a ring stiucture under certain nv* 
cumstanccs was shown by Dasannacharya, Chiplonkar and Sai)t:e (1934). As 
the pheiionienou did not apf^ear to liave been invesligated in sufficient detail, 
the following- experimental work was undertaken wliich it is the object of the 
present paper to report. 

The experimental arrangement used for this investigation (Chiplonkar, 
1939 a) consisted of three canal ray units with modifications to suit the 
particular aspect of the problem in hand. The first one of these is 3.5 ems, in 
diameter with a cathode of brass faced with alumitiiinn and a canal :2o mins, in 
length and 2 mins, in diameter. The anode is made of aluniiaium and is fitted 
in a side tube at a distance of 16 cms. from the cathode. The observation 
chamber is 10 cms. long and into this is introduced the material to be bom* 
barded, which usually consisted of plates 15 cms. x 20 cms. on a metal carrier. 
This observation chamber is closed with a glass v\‘indow fixed with .sealing 

3-“i639P‘-'i 
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wax. The second unit differs from the first in having a cathode of moulded 
ainniinium 8 inms. long with a canal ^ ninis. in diameter ; all the other 
nieasnrcmenls are identical. 'IJie third unit has a discharge tube 2.5 cins. in 
diameter vvitli a canal 7.0 mms. long and 2 inms, in diameter. This is provided 
with grtjund jcrinls at both its ends. Through one of these is introduced the 
material to ]^c l)omljarded and through llie other the anode. 

J)irferent gases ware used in ihe dischaige tul)e. The gases hydrogen 
and t:iti(;gen were obtained from cylindeis and were puiified and dried by 
passing successively througli alkaline i)yiogallol and a train oi drying tubes 
before being adniitled into the appaiatus. Oxygen and carbon-dioxide were 
obtained ])y lieatiug pure potossinm-j)ermanganate and sodinm-bicarboiiale 
respectively in vactiiun. Kvacnation w'as obtained by means of a set c)f mer- 
I'Liry dilTnsioii ijuiih»s of the Waran type backed by a Cenco Hyvac oil J^umt>* 
Liquid air lrai)s were used for preventing the difiusion of mercury vapour 
into the dis('harge tube and w hen permissible for purifying the gases. 

'rile II. T. voltage was obtained from a transformer coui>led with a single 
Keiiotron eiicuit. 'I'he anode was connected loH. T. tlie cathode being 
earthed through a miiliammetei . The IL T. voltage was measured by means of 
an eleclroslatic voltmeter of the Kelviu-Whyte type. This iJotential, as well 
as the earth current, waae kept constant by regulating the gas-i>ressure and 
the riUuneiit current oi the Kenolron respectively. A wattmeter of the 
dynamometer type wa.s introduced into the primary ol the H. T. transforiner; 
the constaney of the energy in]mt to which, was ensured by maintaining the 
wattage reading constant throughout the course of the experiment. 

In a series of experiments gas streaming was used. Apparently this 
made no difference in the final results. 

1{ X V P: R I M N T AND R H S U I, T S 

The nature of the rings observed in the first instance coupled with 
Kaether’s observations suggested the presence of ii hydrocarbon substance 
(which would ultimately serve as a souice of carbon) as necessary for tlie 
deposit formation. Tliis was confiimcd by the observation that the intensity 
of the de]>()sits inci eased enormously w hen i>icein was introduced in the dis- 
charge tube. Ti.e elTect of iinroducing this in (i) the^tibservatiou chamber, (2) 
the discharge chamber, was first obscivtd. In the former tlie face of the 
cathode ilsell (away from the discliarge side) was painted with picein; in the 
laltei its vapour was mixed with the streaming gas. The behaviour of the 
deposits under the fvvo nr des of ob.servation is quite dilTerent ; whereas in (i) 
only ten to twenty minutes sufficed for a visible deposit to aj>pear, in (2) 
expo>ures of tl*e order ol 2-3 hours were recpiired. The object of the experi- 
uiciii was to decide whether the association of the deposit foi miug particles 
Willi the main canal lay beam takes place in the observation or the discharge 
chamber. Later experiments revealed that the diffusion of the vapoms from 
the observation to the discharge chamber, took place to an appreciable extent 
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although the diivction of gas streaming was such as to opi.oM- this. Meick’s 
pure paraffin wax ami ioilinc were also tried in place of piceiu for painting the 
cathode. In the former coinous amounts of carbon were teleased which 
escaped to the discharge side and W'cre found to elTecl ilie main discharge in 
■such a manner as to make it unsteady. 'I'lie receptacle plate in this case 
show, d only an ill-formed browm dejiosit. Iodine, on the other hand, wa.s not 
found to form deposits as shown liy microchcimcal tests. 

1 he effect of variation of the natuie and the condition of Ihi' homharded 
plate w'as next investigated by su vessively exposing t>lates o! aluniiniinn. 
copiier, mica, (lolished graphite 11*1. ei ground glass (Ti. i) to po.sitive lays of 
hydrogen. In all these eases, cxcet't the lust, sharj) ring deposits ivcre 
obtained. The rings are easier formed and better defined on the metals than 
on the non-metals. The ring nattern in all these c.i.ses with the aliove excep- 
tion is essentially similar. The condition of the surface affects both the time 
for dei>osit formation as also the pattern, for the ground gla.ss. One gets only a 
central tiausparenl spot aftei long exiiosnies -piesimiably corre.spondiug to 
the sjnead of the positive rays, .snrroumled liy a dark annular iiatch, the outer 
edge of which giadnall)" fades in intensity. In some experiments, plates ini- 
tially covered with s<.)ol (from sealing wax) were exposed to iiositive rays of 
hydrogen. In this ca,se a central circular region was made bare by the inijiact 
iiig rays and at a di.slauce of few iniHinieters from tlie edge of the central 
region a thin sharp ring grey in color was formed on the deposit already then’. 

Different gases like carbon dioxide (Tl. 3), oxygen (Pl. nitrogen (I’l. ,s) air 
tl’l. 26), mixture of hydrogen and nitrogen i»rodiiced essentially the same ring 
pattern except niliogcii and oxygen. In the case of these latter, patterns are 
produced which are characteristic of the other gases with longei times of 
c.vposure and higher voltages {vide infia). The intensity of the deposits shows 
a certain dependence on the nature ot the gas in the ilischarge tube appearing 
quickest with hydrogen and coiiipavalive.y with less ease in the other gases in 
the order, nitrogen, oxygen, carbon dioxide and air. One might have e.spect- 
ed them to appear quickest in carbon dioxide for the gas itself might be 
expected to supply the deposit-foiming material.. The above observation is 
siqipoi ted by another exjierimeut in which piceiu was made to predominate in 
the discharge chamber 'PI i.fi when no great tlift'erciice in the iiilciisity of ihe 
deposits was brought about. The observation that they aj'peai with the least 
ease in air suggested the jiossibility that its ci ii.stiluents might have mutually 
disluibing influence. It was sliown by taking observations with a mixture of . 
hydrogen and nitrogen that no .such influence existed. Experiments were also 
made in which iodine and mercury were tised in the discharge tube with traces 
of hydrogen. With mercury alone (without the presence of picein) irregular 
deposits w ere obtained either on metallic or gla.ss plates. The effect of teniiiei a- 
ture on the deposit formation was investigated by cooling tlie bombarded glass 
plate with liquid air. P'or this purpose, a vertical di.schaige tulie was devised 
with a ground joint clo.sing the observation chamber. Tliis was partly filled 
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wilh iiH'Kiiry, the k vol coming to within a distance of 6*7 cins. from the 
cathode. ( Jii tlic mcic’ury surfac-c v\as placed the glass {)lale and liquid air was 
applied over the whole of tlie mercury column. Again no change in the density 
of the deposits was observed. All these observations taken together show tliat 
Ihi dei»osit formation is not merely a condensation of tlie deposit ■'forming 
material but is a process inliinately connected w'ith discharge reactions talking 
place on the otlier side of tlic canal. 

'Idle deposits ohlamed under conditions of spark ami high freepK-nev 
discdiarge \\er(.' rilsr» ol)serveil- In tlie laiter a sleeve electrode \\as u^ed round 
the discharge tube connected ton high fretpiency tension source, the cathode 
being eaithe<l as usual, Undei these circunisiauces, one gels a fairly intense 
beam Ihrougii tile canal which to judge I'ly the light emitted by it, i^k>iisists 
of hydia^gc ii particles. Tliat this was not a more rectificalirm cffyct v\as 
shown by tlie null reading in the l).C- aninietei connected to the c^ithetde 
A glass plate exjiosed to these rays showed the usual form of dejiosil (fd. b). 
Under i:onditi()iis of siiark discliaige, we gel short intense streamers whitish 
red ui color wliich have been regarded to consist of slow metallic ions, (dass 
jdates extiosed to these have been km)wn to show det>osils (l^areford 1935) 
|)ut any structuie in them dues mg lind meiiiioii. On exposing a plate to 
these, one obtains a de])osit whicli sho>vs itself as a single' welhdeliiied ring 
wliicli is slightly liigger than the aperture of the canal, when the jdale is 
kept practically m contact wilh the cathode. I'his is very similar tp the 
one olilairieel wu’lh ])Osili\'e rays at this distance. Sc>rnc obsefvalions dunng 
these experiments suggested that the shape and material ol the anode might 
have Some inlluenoe cm the deiiosil formation. Snbseipicnl experiments 
with canal lays, with dilTereiit anode materials ol llie diHerenl shapes 
showed tile absence of any such influence. It may be mentioned that the 
condition ot the discharge, does ailed the deposit formation and distoiled ring 
lialttrns are obtained under conditions where there is an tinstead}’^ discliarge 
01 when it creetis under the cleetiode. ( )l)servations were iilso made liy 
sjilitting the canal into twa) by an aluminium plate. Twhj patterns were 
obtained coi responding to the Iw’o portions oi the canal though overlapping 
look place to a certain extent. That the deposits lake the sliajie of tiie 
positive ray beam w'as again clearly shown on exposing a plate tilted at 
45^ with the plane of tlie cathode when clliptically-disposed rings were 
obtained fPl. 20). 

'rile cathode faces, 011 the observation as well as the discharge side (PI. 27) 
sometimes showed cjL’posits with a structure. A possibility of some type of 
reflection oi the positive ray particles between the exposed plate and the 
cathode siiriace was suggested. To lest this a fine mesh was introduced 
betw'cen the canal and the plate. The deposits obtained (PI. 2ij consisted 
of line spots whicli w ere themselves distributed in the form of an annular 
/.one. This iucidenlaliy show^s tlie absence oi any creeping on the part of 
tlie d.-posits. This was iurthei confirmed by healing a iilatc on which this 
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ling fonihition was (jl)tuincd dirci'lly ov*.‘i a l)iir]u.i ^^lR:n hm change wa^ iOtnul 
jn then disi>ositioii. 'rii|> olcsci N ation^ howc vci . d(K‘s iioi puchuk- the pns^ 
siblity of kaeepiiig' while ni Uu act of formation This, we helioved, is shown 
by the mesh exjjeiiineru 

J he variation in tlie slnietui'* ol the deposits with the eneigy of tlK' 
bombarding rays is interesting. This was investigated under both the modes 
ol intiodueiiig the pieeiti \’aponr wide niira). In the ease w Iktc it is slreanud 
along with tlie gas, one fuids that at l(uv \ cdlagt HxUh 4 KV b the ]date slmws 
<1 IraiisluceiH .s|»c>t in theeiiitre sunoiinded by a lliin deposit whieli gradually 
fades tovv;:rds llitr edges ilM. o) Neai (he edge of the central >spot, otU' ('an 
.iiist see a faint ring. This gels more and inon^ marked till about 7 K\‘ thcie 
is a sharjj ring f(iniiecl there. As one increases the \‘ohage the dianietei of 
the central spot decrease's and the 1 mgs stand rjiit pioniincntly on (lit' bat'k 
ground fS KV) (Pl. S). W lien \'iewed 111 reflected light oiU‘ observes a nnmbei 
of delicate regular rings almost )ik(‘ intcrfereiiee lings excejit fm (heir e<»li)m 
In the ('ase of the altenialix’e mode oi introducing the pieein jjlatcs lu, i i, ic. 
14, show the results lor x’ollages ], h, S, 10 K^' i L-spec't ively - Here (he 
structure is percepiiblc even at low voltages of the ordei of | KV. W'illi 
incieaSL of x’oltage tin nund)ei of rings increases and also the diameter 
ap]»arenlly. A nieasuremenl of the diameter (jf the rings in these plates 
sliows, however, tlial witli ineiease of voltages tlie rings are successively 
destroyed starling from the (cntre and (he niaxiimiin of intensity .shiits 
eradualiy fjom the jniieiimjst to the oiitei rings. This probably is due to the 
tlieimal effeet of the bombarding rays and we inter that at very liigh voltages 
and long times of exposiiie the sliuctuu should be alisenl and tlie intensity of 
the dej)osils als(» miisi Ixc oiiie small. 'This vxas su])portecl by observation of 
tlie (1c|»osits ohtaiiieci wiiU positive rays of laibon dioxide at ib KV. 
I'hiis it is possible that lliei e is an optinium voltage and lime of exposure 
with uhieli the structure is best f^btained . 'i‘Iie variation in these deposits 
with different times rd exjxj.sure lends further supjairt to this deduction. JMales 
TT, 17, iS, sheuv the deposits obtained with times ol exjiosuic 1 mimitxs r 
hour and 2I hours Here also w(‘ can see the jirogressive destruction of the 
rings and the gradual shifting of tlie maxumnn of intensity towards the outer 
l ings. Tt may be mentioned tlial variation of the eartli ( iiirent is witlioul 
elfect on tlie slvuctuie and what is more curious, on the intensity id the 
deposits. Plates ir, 10, are obtained with earth currents of i. inA and 
0.2 Ilia respectively. 

Variation of the distance of the bombarded plate fumi the cathode between 
values ranging from o to 2C* mins, was next tried in another series ol observa- 
tions. The deposit, when the plate is kejit in I'onlact wuth tlie cathode, shows 
itself as a single ring (PI. jh) not unlike that obtained under sj^ark discharge. 
As the distance of tlie ))late from the cathode is increased (Pb 25) the character- 
istic niulli])le ring stnicture makes its appeaiaucc. At greater distances the 
lings obtained are less distinct, they naturally have greater dimensions 
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^Pl, 15) but tlu\\ |r).sc regularity ii» some extent. In most of the above 
( xperinu nts the j)Iales ueie kept at a distance of 5 nuns, from the cathode. 

It may be mentioned that the effect was first observed on a piate at a 

distance of iic^ mms. from the cathode. A leference may, howevci, be 
made to a j)lienumenoii which was ol)Served (Chiplonkar, it^jo bj during 
the course of lliis work, uliicli apj»ears U> be of interest for the purposes of 
the present investigation. In some experiments 'gas streaming' was not used 
but ])iceni vapor \\as added frenn time to time- Ivaeli such addition was 
followed l>y a rapid rise in the voltage across the tube though 110 change was 
observed in the earth turreiil. This was inesiimbaly an elTecl of tlie so-called 
Vhau-iip* since the voltage becomes a rougli index of the iiressure in the lube 
when the clischaige ciirreiil lemains constant. This rapid rise of the vollrlgc 
was followed by a subseejuent giadiial deciease which was marked b^‘ a 
number of periodic fluctuatious of small magnilucle. Significant chaiiges\hi 
the colour of the discharge accomiiany these fluctuations. In the absorptibn 
legime wlicn the voltagt,- is rising* the colour is that of hydrogen ]mfi" 
rose red, in llu‘ (Iesor[dioii regime, wlien the voltage is falling, there is a 
prepoiidcreiice of bluish while color. ^T'his observation sugeesls that when 
tlic release of the absorlied hydrogen takes place, the hydro-i\irbons aeconv 
pany it It lias been ineiilioiied l)efore that every value of the exleniai 
voltage has got a characteristic ring structure corres])onding to it. 1 he idea, 
therefore, suggested itself that the multiplicity of the ring structure might 
be due to lliese flueluations. In all the experiments thus far mentioned, 
in whieli streaming was not used, the voltage was kept Ci.mstant by coU” 
tintiously mauipuJating the pressure. In one expel imeiit this was not done 
and the voltage was allow’ed to fluctuate without interference to test ilie 
above hypolhesi.s. 'Die exi)oscd plate (Pi. ,22), however, failed to sh(»w any 
increase in tlie number nl rings. The deposit was ke])t under observation, 
W'hile in tlie course of formation, to see if it showed corresixuiduig ( hanges 
in the increase of inieiisily in the tw'O stages ol absorption and desorption. 
Tile difieiAmce was not \ery marked but one could see that the increase in 
the intensity of the deposits took place in the latter but not in the formei 
stage. 

t^bservalions wdlh ek'Clron lieains recorded by other w^orkers (vide snpia) 
suggested the possibility of a structure in the po.^itive ray beam itself, 
Snell a structure is knowm in the ease of positive ray^ and has been generally 
ascribed to tlie effect of stray magiiclie fields. To test wdiethcr a similar 
structure wavS responsible for tlie dejiGsits descrilied here, a transverse 
magnetic field was applied on tlie di.schargc side of the canal (Kouigsberger 
and Kutschewski, loio) which extended ijractically over the wdiole length 
of the cathode dark space In this case, the discharge was twisted and struck 
a i)|ace in the middle of the discharge tube wrhere glass fluorescence was 
obtained. Here a dark brown deposit was produced. Tlie dejmsit obtained 
on the plate is shown (PI. 24). Similar results weic obtained with different 
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ina.UUcLisjivii L'lUiciKs 111 11 k' I'lcrlio-ma^iKt. Ohsui vatiuu^ weK' also niaiU* 
witli a U‘('ci>tac]o plalc raisal lo \r)its uiitn similar results wue ohtaiiioil 

n I s c r s s 1 o n s 

riic general iialiue uf the plKiionirnon shown hy ii^ appeal anee 
under greatly varied conditions, u ilh difleieul homhaided matei ials, dilleJVUt 
gases ill the discharge tube eU*. li shows, howewi, a deliuiU dei)eiulei)(.\ 
oil the excitation voltage, tlie strneture making its appeal ance abe>V(.' a ceitam 
value ot the latter, 'riiis value, howc vei, vaiies Irom tube to tube and seems 
to depend on the way ni which tlie depusil iorming mateiial is introduced 
as v\ell (vide infra p j). Imh' vailtages below tins there is deposition Imi 
no structure. C. ei lain ex])eriments tend to sliow llial foi \“ery higli voltages 
also, tlie strncUne can be absent. 'I'Ik laci that the dlejiosits follow tlie shape 
of the beam, lorm on plates placed ui contact w'ith tlie catliode, get distoiled 
under unsteady discharge, fairly make it ceitam that they originate in the 
disc]iargc‘ space. 

It is generally accepted that the positivt' ray pai tides snflei no t'ollisions 
in tlieir i>assage across the cathode dark s[jai'e whieli result in the tianslci 
ot kinetic' energy iChaiulhri and ()bphant nis-b d'o c'xplain the kinetic 
energy of the hydrocarbon jiarlides one is left only with two [Missibiblics (i) 
they are carried along the positive rays thiough some ty)>e of association 
L’) form positive rays themselves d'wo possible tyjies of association are due 
to (a) electron exchange or (b) due to the formation of loose t'hemical 
(’omplexes, A process of electron exchange takes place in wliich an 
atom gets neutralised and Iresli ion i>iodtHed without theie being necessarily 
a transfer of tile kinelir energy. Kallnian and Rosen (1030) have sliown 
that the i^robability of transfer depends on N- I wliere N is the neutralising 
energy of the ion and I tlie iouisalican potential. It is i)rol,»al)lv this type of 
reaction that makes ii i)o.ssible to gel canal rays of nierc'ury or iodine by tlie 
addition of traces of hydiogen. Another jjossible type of assoedatiou has already 
been suggested, /.t\, the formation of loo.se c‘omi)lexes between hydrogen and 
adsorbing hydrocarbon. The re isoii why some type of association is suggested 
is liasecl on the of).servation fi) the dependence of tlie intensity of tlie deposits 
oil the gas in the discharge lube (:i) non-inlhieiicc of the amount nf liydrocarbou 
vapours on the intensity, (hie cun explain, on tins basis, the above mentioned 
dependence in terms of the ease of assc^ciation between the gas and tlie hydro- 
carbons. Hydrocarbon jiarticles are known to occui in the canal rays. ( )n 
the othei hand one exijects that the piestnce of the hydrocarbon, whatever 
the type of association, will appreciably affect the velocity distribution among 
the canal rays. Investigations on the J)o[>[)ler effect sho.v that sucli an 
effect exists when a foreign gas like heliClm (Wien 1^27 (c) etc., is introduced 
into the discharge space but not when it is only introduced in the observation 
chamber. In the deposit phenomenon under consideration, it has been shown 
that introducing the picein in the observation chamber increases euonnously 
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the intensity of llu* deposits 'riierc is no douht tliat there i.s considerable 
dillnsioii ot this vapour to the diseliar^e side, and the increase in intensity is 
proljahly due ti> the fact that l)y this inode it is iiitrotlneed direetly inln the 
dark spai\ where the beam forinalioji takes place. In tlie other inode, there 
is the pi)Ssibility of its lieinr^, defiosited before it conies in llie dark space . 
'['he e'Hisider atiuns thus far eiven do not jneehide tlie possibility of the 
evisleiK'e ol the fiosilive rays of tlie hydrO'Car])on> but make i1 less likely. 
Kaetlier ( 1033) has observed these de[»osits are not found ^^]u‘n the 

positive' ii\y beam is passed tlinairih an 'malysin<4 field piior to the impact. 
Tlie evidence that has been .up veil (bus fai , csi)cckdlv that wltli tiansverse 
magnetic field indicates that the idieiiomeiion is not characterislit' ol |tlic 
charged jiarticUs 

'to lind an explanation loi the ])eiailiar 1 iny stnictiue (Tiservcd, one has 
to SL 1 1 le bi forehand whether it is the lesult <_>! a piimaiy action diK' to an 
iiihcnait stnntnie in tlic beam or a secondai> action caused by a redisti ibntid'n 
of tlu'se deposits throuyf) the agency of eillicr the iiiijiacliiiy rays or inerely 
snilacc loK'cs called into [ilay by condensation. Data f)ii nKaecidai beams, 
do not lend sniijiuit to this last possibility (Cockrofl, ioe8)- 'I'he second 
hyiiothesis assumes that a deposit lornied on the plate, snIteivS a redistribution 
into the cliarai'teristic ring struelure by some s[>ecilje action of the imijacling 
rays When positive rays strike a surface in \'aeuiim, many ty]>es^if reactioin 
can take plac'e involving various kinds of eiieigv e.xehanges. 'i'hest range 
from the wry small transfei of eneigy aecoinpaiiying reflection to the violent 
destruction the surface by bomliardment. 'I'lic piodnetiou 01 tliennal 01 
chemical action, the emission of electrons, positive jiartieles (Wien, igj7, (a) ) 
or under special conditions tlie release of occluded gases (Johnson, T930) from 
the suiface comiirise the main leactions produced l)y canal ray hoinbardnieiit . 
'rhal the redistribution docs not mean any surface motion has been demon- 
strated l)y the mevsh experiments. Observations on the tilled jilate (roh i}iinO 
rule out tlie possibility of selective reflection, for tlie [uesenee of tliis effect 
would have brought about a dilTerence in tlie intensity of the deposits in the 
dilTeient regions, 'khc existence of rings on both metallic and non-metallic 
tdates iin alidales the view that it is due to characleristicwharging up of the 
suiface. The possibility of chemical action is ruled out liy the generalil\' of 
llie phenomenon. We are Iheiefore only left with tlie possibility of mechani- 
cal action, 'klie existence of such a ineehanical action is shown by the 
obsei vations of Stark And Wendt (icu j) who report that glass plates exposed 
io positive- ray bombardment develoji a dej)ressioii at the |)oint of impact due 
to a paitial pencil ation by the rays. Jknliner, (1926) has shown 
the possibility of inicroseoiiic explosions of the loose metallic complexes (in 
which form the impacting ions arc held bound on the cathodic surface) due 
to positive ionic bomhardnicut. Bush and Smith (ihid) explain this on the 
supposition that the bound ions on the cathode reach such a high pressure as 
to become unstable. It is not unlikely that a similar effect is taking place 
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heie, for tli^ obscivfitious gi\X‘n in Ihi^ paper clearly show ihut the dept)silion 
is acconipaiiied by adsorption ellccts. x\ccordin.uly we can think of the 
deposition as piocccding along the iollov\iiie stages (i) a primary deposition 
of the pai tides from the associated beam on the bombaided smface> (3i adsorp- 
tion of the impacting ions by tiiis piimary de|>osit which eiuls iu 13) a 
mechanical exi>losion in which tiu dc poMl foniimg malarial is scatteiLal. On 
account of the central symmetiy i>f the tninuuy deposit, it is reasonable to 
suppose that the secondary deposition w’ill also show a similai symmetiy d'his 
hyimlhesis, although it suggests a likely reaction, does not explain tlie ling 
slruclure. d‘he dependence on the iialurc of the gas in the discharge Itibe, 
the existence of a threshold value etc, make it probable lliat the ijlienomeMon 
under comsideiation, is closely bound up witli the allied iilieiioiiicaion of catliotle 
sputtering. 

There is the othei piobability of an inherent slriuUiiL in the bt'ain the 
hydrocarbon i)articles themselves. Such a sti net 11 re is known to exist in the 
case of electron beams, brouglu al>f)Ut by a vai iety ol causes depending on the 
foiin and disposition of the ap[Knatns. d'hus IMcFailanc (103^) reports that 
a beam of electrons iiassed through eai tiled slits shows a sti uctiu e whicli he 
tiuds reason to ascrilje to cei tain charges developed by the irregulai ities on the 
slits. Curran (103^) reiiuits a case in wdiicli lliis was biought about l)y 
the geometry of the colliinaliiig slits. Lastly we ha\'e the inherent structme 
(Clay, igjS) sliowed by high telocity electron beams in Rbntgen ray lubes. 
Rnchaidt fVVicn, icge;, bi lias lueiitioiied that a sli ucture in a positive ray 
beam is I’jrought al)out by the action oi stray magneti'- lields. d his suggested 
the possibility 01 an inherent structure in the positive ray beam. 'Die expeiT 
nienls wdth the transveise magnetic field, however, show' that 11 k‘ i ing 
structure is not to Ijc ascribed to any'' similar eOecl. dhe distoition tlu‘ 
rings in the case of an unsteady discharge shows, however, that the jiheiiu* 
inenoii is intimately connected with llie proi'ess of beam formation in Ilk' 
cathode dark space, 

Naic on ihc niicf ol^liol onicioi curves ~'Vhc micrr)i)holometer curves of the 
original [dates on which the deposits were formed were taken at the suggestion 
of Dr. Asuiuli on a Zeiss recording Microidiotometei I'lie [ilales weie run 
on the micropliotuincter with a ])oini source along a diametei oi the ring 
dei)osits. d'he curves, therefore, represent the distribuliuii of the pai tide- 
density along the diameter and exhibit in a rcinaikable way, the multiplicity 
in the ring structure of these rleposits. 

A C K N \V h H D t> i\t K N '1' S 

I lake this op]>ortunity of expressing my indebtedness to Dr, Md. 
Ishaq, Chairman, Physics Depaiiineut, Muslim Tniversily of Aligarh for 
facilities for taking tin iniciophoiog'fains. 
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In the end, I oft'er niy sincere thanks to I’rof. Dr. S. S. Joshi for Kivini^ 
the I'aeilities for work and constant eiKom ageincnt. 1 am also indebted to 
I’lof. Dr, Asundi for useful discussions. 
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KXPl. AN ATTON () 1' THH rLATKS TA, in 

All the ph ►toftraplm exrept plate u*;,) (kp ^sils as ,i in i etU ele<niKh1 r.f a 

M/c slightly i than llir original. Plate .lepiets a ilirert eotitm t print ni the glass 
plate i>M whieh the deposit was ()I)tniiRMl I'lie stune plule ,is seen in relkM'ten light is shown 
for eoniparison in plate 1 i,p In lln* follow ing tkila, unless ‘;i)eeitii‘ mention is inadi to the 
contiai t' live plate e\p jsed shonUl h'' lahtni to lu a smooth glass plal( . mai ked 

\\ S are taken with pieein vapour sire. lined iiloiig with tlu gas ^ all the ust with the r>tlu i 
mode of introrlueing it (»'nfc '<]' repieseiUs tlie dislaiux of the jilate hi liind tin vathode, 

'r the time of exi)osure. All the other svmhoh- au self explan. dot v 


PI 

I f »roiind glass plate, eanal rav - of hvdrogeii. 

^ K\*. 1.2 nui, d - 

i.s ( ms 'i 

I ■ (jo 


min. 




PL 

:: lAitished gniplnlc, eanal rav s of hvdrogen 0 

0 K\L I M ma, d 

0 ems. 

r Oo 


mill. 




PI 

3 vSmooth glass plate, canal rav .soi hvdrogen 7 

K V, f .0. iii.i. d ” 

0 S ClTIs T 

^ r ’(’) 


min 

PL Canal rays td owgin, 6 K\\ i.onifa, d - o.^ ems T = .:o min. 

PI 5 Canal rays of nitrogen, KV, ma, d ^ 0.5 ems T - min. 

PI 6 High freiiueiKw disehnrge in hydrogen, mn, d - o s^'ins 'I' - w min 

IM. 7 Canal rays of aii , d KV', o.c, m.i, d o f\ ems T i,\ min split ranuL 

P! H \V. S, Canal rass of hydiogeii, S KV, 1 o ina, d - 1 min, 

PL 0. \V S Canal ra^’s of In'drogen .] o KV, i.o nia.il o s rins I 130 mm. 

PI io. Can . 1 ravs of hydrogen, 4.0 KV, o S ma, d .. o s ems '1' .'i.mni, 

PL ir, Canal ra\s f liN’^lrogen, d. KV, i 0 ni.i, d o ^ ems. '1' min, 

PI J 2 Caiinl rays of livilrngeii, 8 KV, i o tna, d ■ 0.3 rins T >0 min 

PI 13. Canal ravs of livdrogen, m KV, 0.8 nm, rl ^ 0,3 ejiis T 20 min. 

PL 14. \V. S. Canal rays of hvdrogcti, IPieein ]>redomina1ing», 3 KV. i o ma. d n 'i 

cm.s, T -- 120 min 

PL 15 Canal rays of htdrogen, 5 KV, <^ 3 dia, d - 2 o ems T 2’ min. 

PL 16 Canal rays of hydrog< n, d, KV, o s ma, d — o. » ( ins T 70 min 

PL 17. Canal rays of hvdiogen, 6 KV, i n ma. d ^ o 5 ems. T - do min. 

PL 18. Canal rays nf liMirogcn, d KV, i.o ma, d - 0.5 ems. ']' - j^o rnin 

Id, jg. Cana I ravs of hvdrogen, 6 KV, o 2 ina. d o, sterns, i' 20 min 

PL 20 Canal ravs of hydrogen* 3 K\\ 7,2 nia, d - o.u '‘ms, T 120 min, tilted at 43^ 

to fate of canal. 

PL 21. Canal rays uf hwlrogen, R KV^, o 8 nia, d - r.o ems. inesli 0.5 tins, from cathojr. 
T ~ 50 min. 
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V\ 21. Cntinl rrivs of hydrri^'vn, flnctnatifij: \nltag(., d - o 5 T iHo min, 


f'i ?; Canal in\\« nf hydrr>goii, 6 '» K\', i, n ina. tl - M.5 rnvs, T ” 42 min 
verse niagm lie field. 

Id 25, Canal r;y\ s (jf li>(lrf)geLi, 0 KV, n .5 ma, d o 5 ein^, T min 
ri 2^' Canal ia\s nf an, 4 K\’. i ,i iiia, <1 -- n.y oii.s. '1 ~ j.:m min. 

Id, 27. C atliu(k fa(‘i <»n (liselungiMdi 


u itb trnnfiir 



4 . 


ON THE AFTER-GLOW OF SODIUM CHLORIDE 
AND ITS DECAY 

By H. N. BOSL' 

(A'i’i f K.ii V / 

ABSTRACT I lie detav'if lumitu .sitik i ;ilti t-gliiw f xilu'd hs X-riiv-. tui.'-heeii invcslifjiilcfl 
in the i.ise nf stidium rlilmiilc (m'mi'Ic ens(,ili, )>kpm'iI |Hnvilc-ic(l sample of MMlniin I'lildtiiU', 
allil Nodiiiiii I'liliiridi witli i/ j of I’oppei , TIu' i Heel ol atliienlinj; (lie pi ts'-ed saiiiplex at 
(lilfcreilt lempcraliues as well as o( lualiiiik' (lie '-aiDple ilnriiie eiiiissioii liii^ also lieeii studied. 

riic siiilahilily of \ ai ions iiicelianisiii.s and the eon espoiulint; ' I'*" '' Ix'eii diseiis' 

scd. llie ideas of liajj (in eliaiiisni as devidoped li\ katidall and Wilkins ha\ e lieui iililtsed 
(o deduce flu I'vpeeted deea\ law in (In [iresent ea.se. 

l’hos,|ilioiescciiCL 111 llic i;ase'i)\ih slide can nccKt only tlir(ni);li tliv prc.sciicc 
of an inltrnicdialc iiietiishihlc slate; it is tlicieloie innlcislantlaldc that no 
attci'klow of incasnnilile duration occuis in }.;ascs as tlii' nictastablc stales in 
uases t;cnLTally possess a relativcij’ sliort diualion. After-nfuws have Iieen 
observed in denser media, the intensity and duiidion increase with Die visco- 
sity ol tile nicdinm in .eencial. It istlui.sreasomiblelo.snpiio.sethallherc 
exists an iiileraclion between the ek e Ironic transition of the e.vcited iiarticle 
and the surroniidiiip niednmi. broiii general ideas and previous invc.sti^a- 
lions we can state, in short, that (it no after-ulow occins if the medium does 
not influence the emission inocess at>i>recial)ly, i.< , the process occurs entirely 
within the atom or molecule in a sphere of about lo " cm. diainetei; in) atlei' 
rIow occurs when the confiRuration of the .sui roundiiiR molet'ulai stnictuie 
plays a putt; lor this may chaiiRc as a result of the absoiption process and 
some time must elairse before the configuration falls back into its former stale. 
After-glow will be accompanied by photo-coiiilnclivity if the electron i.s coni- 
jiletely ,scM free as it ocenrs in certain phosphors. Phosphorescence is theie- 
fore generally characterised by iilioto-coriduclivity but the reverse is not neces- 
sarily true. 

A large amount of work has been done about the decay of after-glow of 
solid phosphors under ultraviolet excitation, 'f lu* solid .solutions of organic 
dyes were some of the first to be investigated; fluorescein in sugar jiossesse.s 
a fluorescence, originating from an excited state, with a life of lo"* .sec and 
shows an after-glow of a few seconds. 'I'he intensity of fluorescence varies 
with the concentration almost in the same way in solids as in litiu[d solution 
which is rather a pir/./.le because, in solids collisions do not occur as it is supposed 
in solutions, 'fhis indicates that chemical change of some type takes place 
during preparation. Tlie emission of these phosphors decays according lo 
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Ihj inoiHMnolcc'ular reaction law (ienerally spcakinji, a reduction 

of tcuiperatnre increases the time of decay w’hile increase in concentration 
diiiiitiishes the time of decay, Jabhmsky (1935) has explained many features 
of this kind of i)l)osphois by assnmin^^ the existence of at least one ineta- 
^tahle ievel lower than the unstable level reached by absoi]dion. 

Zinc suli)Iiide is the only i»hosphor which lias been invest i)t*ate(l ihornughly 
I'V many w'otkers. The decay f)f lumincsccnc of nnpurily activated zinc sul- 
phide ill general follows a biniolccular law which may bu written for simple 
laises as 

' (1 

v' / v' /„ 

where d is a ctaislanl and a,, is the uumher of electrons per unit \‘oli|nic in 
tlie (’onduction liand at f-o, \ 

Anlon(>v\ — Romanowsky (1035) and He Oruot U(i3o) have observed in case 
nf copper activated zinc sulphide that liigh iiitensily gives a raiiid decay,; this 
also follows from ihe linnolecular law given above. De (boot lias fiitllur 
observed a more ra[»id decay with shorter wavelength of exciting radiation; 
acccaxling In him this is due to the liigher absoibability of shorter wavelength 
l)y the medium. 

In case ol photo-conducting phosiduas with stoichiometric excess of either 
coHStituent, Moll and rUiiney (1010) suggest a different decay law’, 


;V a -- /) n (fi I’j 


13 exp.(vd/)- 


I , — , 

v— the number of noiinallv unoccujiied iinpiii ily centres in addition to the 
ordinary impurity centres. 

'riie slow bimolccular decay may have superposed on it a much more rai»id 
decay in certain cases. I'he measurements of Strange in case of copper 
and silver activated phosphors indicate such possibility. 

Mott and Cjiirney (jQ/1o) liave given the following types of decay for photo- 
conducting iiniuirity activated phosphor.s ; 

“ j. Foi very high emitted intensities an oxpouenUal decay with a decay 
lieriod of the order eff fraction of a microsecond, indeiiendent of teinperatme. 

2. As the intensity decreases this should change over to a rai>id biniole- 
cular decay indeiiendeiU of temperature. 

3, For still lowef intensities this should cliange to a vslow bitnoleeular 
decay with a value of b\' strongly dependent on tcinj^crature. 

Finally the decay law may change over again to an exponential form 
dependent on temperature, due to the presence of fiozcn-in ions. This should 
only occur when the activating impurity is a sloichiometrit excess of one of 
the constituents.'' 



31 


On the After-glow of Sodium Chloride and its Decay 

More recently, RaudalJ au(l W ilkiiis (ig45) have catiied g\vl cxieiisivc 
vestigations on the decay curve ot phosphors of the rcconihinaiion type with 
traps, and allied plienoincna ; they have also developed forninlac to explain 
the decay curves on the lKlsi^ of trapping inechanisins. Klasens and Wise 
(1946) have calculated ill a more generalised way ilu- hiininesrence iiilensily 
over the whole period and have shown that the decay hecoines Innudecular 
at high tein])erat\ues. 

The nieasureiiient ot decay ol luniinesceiice under X-rays has as yet attract- 
ed little attention fioiii the exiKTiinenlal workers Levy and \W*sl in 

iheir atteinjds to improve the suitahilily ot zinc sulphide screens iiy minimising 
the after-glow', measuied tlie deca> of hiinineseeiice ol zinc sulphide undei X- 
rays wdth ceitaiii impurities. They found that llu addiliun of very small 
quantities of uickel greatly reduee>s ilie phosi)hoiesc‘ence without atTecting 
the fluorescence intensily to a great extent. They also found out the optimum 
amount. The addition of iron does not affect the intensity mueh wliile 
traces of cohalt greatly reduces the fluorescence intensity. 'I'lie addition of 
impurities in ciise of zinc suljihide also affects tlic (juality of the lluoiLscencc 
and phos[>horescciKC light. 

Ill the present investicalion tlie nature of Die long ])eriud ilecay of 
])liosphorescence after-glow of sodium chloritle w ith and wnthoiil iin])nTity by 
X-rny excitation has been studied iindci difleieiit (Mnidilioiis; the \’m ions decay 
laws have lieen discussed with respect to the laxsc nt case and llu poibable 
meehanisiii suggested. 


K X V K f{ I M B X T A \j I’ Ji (M’ K T) V II K 

I'lie pressed substance in the form of thin plate was excited to lumine- 
scence by X-rays coming out from the wdndow' of the Madding lube with copj)er 
anticathode run at 35 40 K.V. witli lu in. A '1 he photovoltaic cell connected 
to a galvanometer, was placed aliiiosl in contact w ith .sanij^lcon tlicside opposite 
to that of the X-ray tube, d'wo lead coveis, both connected to a single leve r, 
were arranged in such a way that when X-rays were incident on one side of 
the sample, the light and transmitted X-rays from the other side were slop]>ed 
by one of them and could not reach the jihotocell; on the other hand, when 
that cover was raised by pressing the lever, the second lead cover at once 
intercejited the X-rays incident on the front side of the sample. In this way 
the light from the back side of the lumiiiescent sample fell on the i)hotocell 
simultaneously wdth the cutting off of the incident X-rays. The deflections 
could be marked ofl' on the scale at reguher intervals of time wdlh the help 
of a stop watch. 

The low intensity of luminescence is a great trouble in tlie measurement 
of the decay curve. After the lapse of a small interval of time the intensily 
falls too low to be measured with high accuracy. 
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tliHt tlie sodium rliloridc eiyst^il shows no increase in electrical conductivity 
under X-rays as is demanded by the zone picliire «)f the crystal, calls for the 
fonnulation uJ other niechanisjii 1o exi)Iain the phenoiiiena of Inniinesceiice 
in sucli crystals, 

It is now Imow n that the preseJice of iiri]>Lirit5' or lattice defects Jii ^Jieneial 
causes a number of localised levels between the allowed band of the normal 
energy si)e(’trum. The electron m the hole may be traf>ped iii any one of these 
states. This trapi^in.e process will lead to a release of a T>art of the energy 
which may or may not be in the form of emission. The trapp-ed electrons 
mav be lliemially excited to ui)per bound lewis or to the- eondiiclioii band. 
In the first case energy may bo emitted when the electrons conie Imckio the 
giouiid state, In the latter case the electi on is free tiiid out a Miole fm 
ri*coml)inalion ; on the other hand, the iminnity aloin with trapped 'elecli ous 
may bodih move through the lattice encountering another willi^ trapi)ed 
hole and neutralise it with the emission of a (juantum of idiosphoVescence 
light. 

Since 1 airL sodium chloride does not show any fluorescence under' ultra- 
violet radiation, emission is to be siip])Osed to be taking place in some special 
position of the lattice, /.c., centres. 

Different tyi>es of centres are i>ossible in a crystal like sodium chloride; 

T A foreign negative or positive ion may replace one of the negative or 
positive ions of the regular lattice. 

2. An election iiupv lie trapjKd at a lattice point vvliere a negative ion 
IS missing (F cviitres). 

3- 'Hiere arc hound levels associated with an ion in the interstitial 
position of the lattice. 

p At tile surface of a crystal crack, wheie the periodic lickl is broken 
(?ft, tluM'e cxivSts lumnd levels in which elect] oils can exist without being free 
to move thiougli the crystal. 

In the ca.se of the presence of a foreign ion in the lattice Klh KH, KCl 
Th) the emission is characterisVic of the activation and theu is no reason 
why tlic sample should not lie lumiuesceiU under ultraviolet radiations, v^ub- 
slauees used in the present investigation had little eliaiice of containing any 
such activator. As regards surface levels, though tliey arc predicted from 
theoretical cousideratiom llieie is no direct experimental evidence of tlieir 
lu’cseiice in the crystal. In a normal crystal, at any temi)cralurc there are 
present a iiiimlier of vacant lattice points. Trapping of electrons into posi 
tions, where tlierc are missing negative ions, is jaissiblc and actually lakes 
plnce ill alkali halide crystals iiiulor suitable ciicimistances, rr/., Ilu- crystal ill 
contact with Na or K vapour at liigh teiiiperature. These arc called F 
eentres which wive rise to the new absorption bands in the crystals termed 
as F bauds. Tibbs (1930) has calculated the wave fiiuctioii of the f-round 
state for such an electron in case of sodium chloride with .some apiuoximatioii,. 
lie finds it to be 3 e.v. below the level of the conduction baud and the first 
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excited o-6 (.'.x. hdovv it. tlic ions move into jiovv position of 

cquilihriiuii iUter al)fe()r|ttit>ii the cncij^v of the eleelutn is raised and Iheic 

IS indnect evidence that ilje excited stale is o.i t .v helou the conduction 
band after the ahsoi-idion prccess. The tilled up h ceiitie is neutral but the 
wave function of the electron in the ceiitie should extend •>ver a j;reatei 
\oIutne tlian lluil o| the replaced iie't^alive ion. Tf now another elecliam is 
bi ought to this cenlie, tlie surrounding nieduun gets polarised pushing 
adjacent ions into new ]>ositions o) eijuilila iuni Tliis causes a spherieal 
field which N’aries as r/r; a set o) stationary states is iherefoic possible st) 
that it is (luite lutssible that iwo elections can be tia)>pcd at a vacant lattice 
[•oint. This type of eenlres are I''^i.nlies and the band ol)iained in 

absoi ption is due to this nicchanisin When simUiuii chloiide is e xposed to 
X-iays> tile crystal is coloured due t(» the liapjang of x.lc‘(‘trons in lliesc centres 
for the same absoi ]>1 ion bantls arc also obtained when the !•' and h'^ I'entres 
ai e cieated by other means On irradiation tlieieff>re at first h' and centres 
ai c cicated and then tin- ]»hotoelectroiis ]»rodiic(.d inside tlu' i ryslal g.o coi 
exciting aiul i(>njsing diflerent centres wliicdi give lise to luminescence 

Now lumintjsceiice ma)’ iie excited in two ways: 

1 . The emitting eeiitrcs are (lirectl> excited but not ionised 

2 . 'Idle electiam irom the t'eiilres or valence band are laiscd to the enn- 
ductioii band \vliicl) will presumably find sotntcenlres and 1)0, raptured ; it 
will in all probability be cajdured into an excited state causing emission on 
Its return to the ground state. 

In case of (t) electrons on absorpiion of photons are raised to liighei states 
luit not ficed s<t that they cannot conliibute t(n\ ai ds electrical c cniductivily; 
if ‘n ' be the number of e'lectroiis in excited states pet unit volume at any 
time then dm ing illumination the i.Ue of decay of elections in the exc ited 
state will be . 


which, on solution, viekls 

/I / f — O, )Z — o, 

cx, being a constant for the j»articular crystal at a given teniiierature, and 
/i, being the nnnihcr of electrons raised to higlier states per see. jier unit 
volume. 

1 lie intensity of luminescence at any instant is propmlional to the number 
of electrons in the excited state ; lienee the intensity grows exponentially to 
a steady value when an equilibrium is establisliecl between the nuinbei of 
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elect Jons raihcd to excited slates and of those coming to the ground state per 

se( Olid. 

I'or decay, p-o and » = at /~o, so that 

lleijce I — If, r ^ Since sodium chloride crystals do not show any inciease 
in ionductivuy under X rays. it is natural to infei that liimiuescence Vvf 
sodium chlniidc under X-iays will he of type (i). But for forbidden transi- 
tion ‘ o ' \s of the order of lu^ sec~\ so that decay law in no case can be 

slower than 1 . ; hence the long duration of after-glow' as is found 

exp.fio^O 

in case of sodium chloride cannot be explained by this. Besides, tlie high 
leinperatui c dependence of decay rate as has been found in the present case 
is also diflicull ot explanation by the simjile mechanism, for ‘ ' shoulc^ not 

be rmich influenced by teiiijieralure. 

Assuming, on the other hand, that the second type of luminescence o 
in the case nf sodium chloride, let us suppose that the crystal contai^is a 
number of radiative centres where tlie ek*clrons aie ira[)ped, presumably \ in 
the higher slates, in order to be able to cause pliosi>horesceiice ; besides, the 
ciystal may contain a large number of iion-radiative trapi)irig centres where 
the clectrrms may return to the valence band wdicnce it was originally released 
w ilhoul any emission ; the last assumi»tion is justified I)y the fact that the 
pure crystals do not show' any lumiuesceiice under ultraviolet radiations. 

Let * nt * be the number of radiative ceiilres j>er unit volume of the crystal 
and is more or less unaffected by X^ray irradiation. Let v be llie luimbei 
of noil-radiative centres jier unit volume also constant for the crystal ; if n 
be the number of electrons at any instant in the conduction baud j)er unit 
volume tlie number of vacant holes in the filled band may also be 
taken as ' n \ for the conceiili ation of trapped electrons obtainable by X-ray 
irradiation of sodium chloride is small even at salnralion value, hurlher 
when tlie steady stale is reached an equilibrium is established between the 
number of electrons released to the conduction band per second and those 
coming back to different positions from the conduction band per second, so 
that luuiiber of electrons trapped in special positions inside the crystal at any 
instant should have a constant value at a particular temperature of the crystal 
and inclusion of * /n ' and w'ill liav’e accounted for those. Hence tlie 

number of electrons in the conduction band w'lll decay at the late given by, 

— — = — Ainu Bn ( n -1- v) 
di 



II — 


_ 2a 

N exp. ( 2(1 Btj — 1 


w'herc 


Am ^ ^'B 

2ll 


at i — 

H' 


n-n(). 


so that, 
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Aflei sufficiently lon:^ lime, 


„ H* I'B 

A M/ -f li'B 




- (A *n 4 »^ie? 


and, i~r 

Thus the decay is expoiieiilial 

If no is very large compared to (Anj \ vB), 


n — 


Hi) 


so lliat the decay law can be vvrillen as 


I 

1 hf ' 


where b - ^oB. 


As a matter of fact, liuniucscence in sodium cliloride sliould t*Dnsisl of 
flnorcst'cnce and pdiospliorcsceiice ; foi the probability of direct excitation ot 
cLMUres is much greater than that of ionisation of the centres. The finoies 
ceiiee part will decay too <]uickly to be n<*lieed in the present measinement. 
Assuming total liiiniiicscenee intensity to be * /> ' times as great as the 
jihosphorescence intensity, the decay law for our puii)OSe slionld be 

, lu I ^ 1 

i = ; -- , or ^ , 


li IS easy to sec that the experimental curve is widely diffeicnt from this as 
much as from the biniolccnlai law. In order that this may exiilain the long 


duration of aftei-glow, *h’ is necessarily very small; assuming 


1 

L 


secondh approximately we have, 


at ( — looo 
no 


h 





Besides, the absence of any increase in conductivity under X-rays is not cleaily 
understood. 

On the othei hand, it a])pcars inoie reasonable to assume that the long 
aftcr-glow" is due to the time the electrons spend in a tra]). Mot! and (Uiniey 
have shown that the probability of capture of elections in the conduction band 
by the traps is very large, so that during irradiation by X rays the electrons 
are trapped as soon as they arc released to the conduction band and the 
fluorescence is mostly due to the direct excitation of the radiative centres 
(which may l:)e filled uj^ K and F' centres caused by X-rays itself or otherwise), 
in the equilibrium state the crystal contains a fixed number of electrons 
trapped inside it depending upon the teiriperaturc and nature of the cry slab 
During irradiation a steady state is reached between the supply of electrons 
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to tlic conduction band and theii decrease by tiai)])ing nicchaiiisin or olhci 
trans-.tifJii^ ; when the iHuniinatiuii is sti)pi>ed, llic release of secondary 
electroii.-> into the coiiductioti baud no lunger takes place ; the lrap]>Ld 
electrons released by lliennal energy escape to the conduction band at a rate 
dei»eiuling upon the teiuperatiue and the depth uf llie traps; some of these 
elections at least meet with radiative centres resulting in emission ; ])iu''eediijg 
with tliese i(lea», Randall (i045i) has explained the long duiatioii decay curve 
of many phosi)hors and sonic olhei allied phenomciia. in a similar uay, we 
can arrive at the decay law expected in the ijresenl case. 


Let, 'r' be Die number of trai>ped electrons at any instant licr unit 
volume uf the ciyslal, ^ u ’ be the number ol elections in the coiidiK'Uon band 
and ‘ d ' the total number ol trayipifig centres, then v\e liave, ‘ m ’ liax’ink the 
^aine meaning as belore, \ 


dv 

dl 


= — A VC 




aid — »’) a 


-- — Av( aid a — ni aj, 

di 

Assuming that the contribution of letrapping to pliosphorescence is small» 


and. 

where, 


dv 

di 


--I'Ac 




-A 


exp.(-rvy/.-T)/ 


at /“O. 


di 


Hence, 




- fit 

c m - fi 


+ Ivc' 


'' emt . 


where, 


K =^a constant. 


At 1 = 0, « = ii„ 



‘*/no 
nil —p I 


u/TIo fit ^ 
OH'-P i 


The value of cm is necessarily large so that the first term will be negligible 
within a short time ; the intensity is proportional to ' n \ 


l-I 
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0 — c 

nocm 
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The after-glow period will therefore be highly temperature depeudent, for 
both O' tiud ^ vary with temperature. In considering the decay we have 
so far taken into account only one type of trapping centres of deptli K ; if 
there be a number of them of different depths, 


1=1 



a 

'C 

n(icm 


-at 


The effect of retrapping which has been neglectt'<l so far is expected to 
make the decay curve .still slower. The long after-glow period, temperature 
dependence, and the nature of the decay, specially at tlie late portion of the 
curve, can thus be satisfactorily accounted for without any diflicully about the 
absence of photo-conductivity (under X-rays). 

The slope of the decay curve for a single crystal of sodium chloride is 
l)erceptibly greater than that for the pressed powder samples. The depen- 
dence of the slope of decay curve on the particle size of the phosphor (zinc 
sulphide) was noticed by Antonow Eonianowsky ; he found that for 
powders with giain size of the order of 50/4, the slope is almost double of that 
for particle size of the order of lo/u. In the present case the particle size w'as 
not so small; single crystal used was a colourle.ss transparent sodium chloride 
crystal (i cm x i cm x 5 mm. approximately) and the powdered sample consisted 
of particles of average size io“* cm. It has been further observed in the present 
investigation that the samples need be pressed into sheets bcfoie they exhibit 
this longer afterglow. This way of preparing samples entails generation of 
intense local heating followed by cooling inoduciug internal cracks and strain ; 
these w'ill all go to produce a larger number of tiai^ping centres of different 
depths, which are probably deeper than those i)reseut in an unstrained single 
crystal. These traps w'ill therefore lose their elections less readily than the 
other and the decay of after-glow will be (hereby slowed down. The inclusion 
of copjjer ions in the lattice is also found to be unimportant. This only shows 
that the copper ions do not play any important role in the mechanism of 
luminescence ; they probably produce local strains in the crystal causing new' 
trapping centres which may account for the comparatively slower decay in 
the case of NaCl -t- Cu phosphor's. 
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ABSORPTION BANDS OF IODINE IN QUARTZ 
ULTRAVIOLET* 

By PUTCHA VENKATFSWARLLI 

{Received for pitblicaiiotj^ JunUiVy nu lOfjA 

ABSTRACT. Kevirw of the absorption spectrum oI iodine in (juartz nUrnvioIcl and 
fluorite region is made. The analvsis uf all tlie bunds fmm J05 ()‘:i7(h)A is givexi bere. The 
position of the 0-0 l)atid, wlii' h give-' the positinu (»{ tlie excited h vel is extrapolated to be 
44Qoocnrb The eoiivergeiiee limit of the I’xciled state is alioiit 5801^0 F joi't^ cm b Tljcse 
quarU ultraviolet bunds are due to transition fioni the j:;riiund slate to an excited state 
tr,,, n., 4 , at .|4Qoo cm'^ which has a freciiU'iicy of about 90 curb The 

fluorite region bunds Irom i950‘i77oA are due to transilinii from the ground .state to an 
excited state <r„, n.,1, n/, at 5x683 ern ‘ having a frequency 165 cm b The 

two excited states have the same convergenc e limit and have as tlieir dissociation products 
The two continua at 3413 and 3463A which occur in absorption at high 
temperature arc explained. The narrow ditfnse bunds overlapping these two continua arc 
also discussed. 

1 N T R O 1) U C 'J' 1 O N 

During the course of an investigation and inlcritrelation of the emission 
bands of iodine, it has become necessary to make a complete review of the 
extensive absorption data collected by dilTereiit autliors in the quartz ultra- 
violet and fluorite regions, at kiniicratures ranging from —30 to 1100 C. In a 
previous communication tVeiikateswailii, an analysis and inteipictatiou 

of the discrete absorption bauds (Cordcs bands) in the region 1770-1950A is 
given. In this paper it is proposed to piescnt a complete analysis of the bauds 
from 1950 to 2760A. Inciclcnlaily the contiima at 3413, 3a63A andthenarrow 
diffuse bands overlapping the continua are also discussed. 

R p; V I E W O 1 ' WORK DONE IN A IS S 0 R P ' 1 ' I O N IN 
O V A R T Z U b T R A V 1 U E E t 

The absorption of iodine vapour has been investigated by many different 
workers. Warren T935) has given a brief summary of the woik done till i 934 - 
Pringsheim and Rosen (1928) investigated the region 2760 to 2080A, using 
a sphere of 6 cm. diameter, and temperatures in the range 200-800 C 
and a pressure of about one atmosphere. They found two series of bands, 
one in the region 2500-2760A, spaced uniformly at 90 cm."*, the second in the 
region 2o8o-22ooA, spaced at 70 cm"’. They designated these as v'-o 
and \"=o progressions respectively of a tran.sition between two electronic 
levels, and analysed the intervening group of bands according to these two 


• Communicated by Dr. R. K. Aisundi. 



44 


P. V enl^ateswarlu 


lVe(juencie.s. Tliub they exi)lained the observed absorption bands as due to 
the transition from a lower initial slate having 90 cin"\ which is not the 
;;ro\in(1 stale Imt a stale lying higher than it, to an upper final state with a 
frc(juency of 70 cin""\ Kiniura and Miyanishi (1929) extended the absorption 
data, obtaining bands with an absorption tube 15 cm. long at temperatures 
35^j2(/C in the region 195U-2150A, They obtained 157 bands, some of 
which on tlie long wave side can be identified with the bands of v^' = o pro- 
gression of P“K bands. They developed for their bands an equation 

v = 52800 +78 v' — v'* — 210 I’'', 

'riic nj)i)er stale with the frequency 78 cm"^ was identified with tl^e upper 
stale 70) oi P-l< bands and the lower state with the ground stite of the 
iodine molecule. ' 1 ‘licir v'v'^sc heme, as pointed out by Sponer and Watson 
''1929), gave tile analysis of K-M and P-R bands in two tables with th<^ follow- 
ing alternative suggestions : (i) the two are different band systems, the bands 
on lljc longwave side of K-M being identical with the bands of v'^ = 0 pro- 
gression of P-R band system, and so these bands belong to P-R band .scheme 
and not to tlic sclicine of K-M band system. (2) The two schemes given in 
the two tallies belong to one system, lieiiig connected by a long thin bridge 
which consi^ts ol bauds with mutual sei^aration of 70 cm"\ They are of the 
opinion that the connection by such a long thin bridge makes the second 
suggestion insecure. Ihirllier vS])oner and Watson's arraugeinent docs not 
iin ludc the P-R bands with v'=o progression. They suggest that because 
these bands occur in single series in contrast to the other bauds, they belong 
to a diffei eiit system. 

Liilcr Wiineii (loc, rii,) has investigated tlie absorption spectrum at gra- 
dually increasing leii)]>cuitures, in fact from room temperature up to iioo°C. 
lie suggests that P-R, K-M bands, which he also obtains, belong to one 
system involving the ground level of the molecule, and that the single series 
which forms the bridge between the two groups of bands is not a single 
lu'ogression but belongs to three or four progressions. According to him, 
because 10' = 70 and o/'“2io, the bands of different progressions overlap one 
another, giving tlie a] )[)earatice of a single series. Similarly he explains the 
single series on the long-wave side (i.e., bands of v' = o progression of P-R 
which have a .seiiaration of 90 cm‘’^) as belonging to different progressions 
the bands of which overlaj) because of a single ratio 2 : i between and 
(ij'-Mj- By increasing tlie temperature and hence pressure of the iodine vapour, 
he o 1 )laiiied also iwo coutinua at 3^13 and 3263A, thus confirming Skorko's 
observalious. By a further increase in temperature (at ii5o®C) Warren finds 
that the absoiptioii bands increase towards longer waves and ultimately 
reach 3^i3A, overlatq)ing the two coutinua. 

vSkorko (1033, 34) working in absorption at high temperatures has 
obtained the following revsults. At a temperature of 775*^0 he obtains the 
continuum at 3413A and at another continuum at 3263A. With 
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further increase of temperature up to loso'^C, clifiiisc uarrow bauds uj^pem 
ovcilappiiift- the continua. The \vaveleu,eths of the dinuse Imuds from ,<4 ly 
to 2974 are Riven, He does not, however, ineiitioii tlial these l)aiul.s unite 
with the bands of P-K. on the short wave side. These bauds de> not aji]tear 
to belong to the P-K, K-M bands. Their origin is disens.sed later, 

Explanation of conlinm at $413 and 3263A Wanen is of the opinion 
that the continuum at 3413A belongs to tlie same transition as all ilie 
discrete absorption bauds, and that it forms the long wave limit of the (I'-R, 
K-M) absorption bands, 'I'he experiments of Skorho as w ell as of WLu ren 
show, however, that the continua at 3413 and 3203,\ are the finsl to a]i|K ar, 
and only with further inciease of temperatine, do they become oveil.ajiped 
on the short wave side by narrow bands. If the coiuinuum is to foim (he 
long wave end of the apsori)tion bands, then one wt)uld ex|>ect a jpadual 
devclo]nnent of P-M, K-R bands towards the tong wave side as tiie lemiiera- 
tuie is increased and the continuum to ai>i)ear filially . As this is not so, it is 
not correct to say that the continuum at 3413A forms tlie long wave edge of 
the P-R, K-M bands. According to us the contimnnn and the Iiands are 
due to quite different electronic transitions, A contimium at 34i(5A, which 
obviously is identical w'ith that oUserved in absoridion, oecins in emission 
also where it is unacconipanicd by the narrow bands or tlie I’-K, K-M bands. 
As is shown elsew'here (Venkatoswarlu, 1946(1) this rontininmi is due to a 
transition from a stable state nj, wj), ir;*.] y("’I I , ,) lo a re)uilsive stale 
"■tf. ‘’■'u.* b/ ) which dissociates into -P, 1 “P;, iodine atoms. 

•J It 

The occiinvnce of this contiiiutiiii in absorption at ]ii;j,li u nipc ra(nia*s is 
explained asdue to a transition from thu repulsive slate ( lu the stiibk* 

state the repulsive state havin.e l)ecn reaeheil by Uie reromhijialion^ 

of two iodine atoms which are obtained l)y tliernial dissocial ion of 

molecules at such temperatures. Similarly the continuum at in ab.sf>rj)- 

tion can be explained as due to a transition from the repulsive part of the .state 

(reached by recomt)inatioii of ^P,q + ^Pi) to the stale at 51528 

cm”\ Ihis continuum is reported by Skorko to be narrower than that at 
3413A. We have not got this continuum at 3263A on our plates in emission. 
Probably, if it is narrow, it might have been ovcrlaj)])ed by one of the diffuse 
bands which are present there. Bui the continuous band recoided by vStnill 
and Fowler (1912) at 3270A in the glow excited by active nitrogen is very 
probably identical with this baud. Thus the two continua are due lo tlie 
following transitions in I2 molecule. 

* This view has been stated to be supported by the fact that at sneJj liigli lcni[H ialnrt'S 
Utchj’da (1936), Wood (1906) and others have obtained in eniis.sion tin* vi;dld( band,*^ of 
iodine which could be explained only as being brought out by tlicrma] luiiiiu/sf met' mh 1)k 
supposition that tlie initial state of the bands Oj at i55'^3 cm'^ f<H*nu'd by ( (Hnbtjiation 

of iodine atoms, 

^ 2 
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Continuum at 3413A . erf,, zl, ffj, <t 2.0;(’S;) - nt, <r?, 

Continuum at 3263A : rrf,, nt, nf,, <r^. o; {'"'Jr ,) > v,,, nty^,<rt, 1„(®II, J. 

Analysis oj the Bands from z^ho-iosoA : — Warren does not give the 
measurements of the al)sorption bands or their analysis, but he is of the 
opinion tliat all the bands in the quartz ultraviolcl l)elong to one system. 
Spoiler and Watson ( 1 929) do not include the bands from 39815 to 36190 
cin.”^ in their analysis. In view of these facts, havingrgiven a complete 
review of the work done on absorption, vve feel it worth while to give the 
analysis of all the bands in tliis paj>er and calculate the approximate position 
r)f tlie excited level which will be useful for the interpretation of some of the 
emission bands. 'I'liis analysis is given in Table 1 . All the values from 
36190 to ^7756 cm.”' are due to Pringsheim and Rosen and those frmn 47756 
to 51298 cin.”^ are due t(j Kimura and Miyanishi. As between 46592 and 
477560111”' the bands obtained by Kimnra and Miyiinislii and Prdigsheim 
and Rosen arc identical, in Table 1 K-M values are given in bracket? beside 
the P-R values, 'I'lie analysis of the bauds from 39815 to 51298 cm""^ is almost 
' the same as that given by Spoiier and Watson except for the following 
differences, The single series wJiich forms the thin biidge between the two 
groups of K-M and P-R is given, in agreement witli Warren's suggestion in 
three progressions. 'I'he liands in the fluorite region are not included in this 
scheme, as they form quite a different system. The long scries bands (v' = o 
piogressioii of P — R) from 34815 to 36190 cm”' which are liot included in the 
analysis of Sponer and Watson are also given in the v'\8' scliemc. There is 
some difference in, [ the v'^ = o, i progressions also. According to the analysis 
given here, about 46 levels of the ground state are excited which is probable 
at the high temjieratures used. The ivavc number differences are very irregular 
and it does not serve any useful purpose to deduce an equation. The vibra- 
tional frequency in the excited state is of the order of 90 cm”^. The position 
of the O^O band has been extrapolated to be 44900 cm”^. The convergence 
limit of the excited state is extrapolated to roughly 58000 + 1000 ewT ^ . 

Bands in Fluoriic Region.— Spouev and Waison (1929) have worked in 
the fluorite region by using a spectrograph giving a dispersion of about gA/min 
at 1700A. Cordcs (1935) worked with a higher dispersion fluorite 
spectrograph (2,3A/mni at i7ooA)and obtained bands in the region 1950-1500A 
which are more in number than those obtained by Sponer and Watson. 
In the region i77t>”J542A the bands are irregular and Cordes has grouped 
them into seven s^^stems. Cordes suggested that the rest of the bands on the 
long wave side of 1770 up to 1950A form a single progression which probably 
is an extension of K-^M band.s. If these bands are to be arranged as a single 
progression according to this suggestion, the wave number differences will 
be very spasmodic. We have, therefore, given in an earlier communication 
(Veiikateswarlu, /oc. cit.) a different analysis of all the bands between 1776 and 
1948A. The proposed v'v'' scheme is deemed satisfactory, particularly when 
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bands These hands, which 
due la a traiisitiun from the 
having a vihralion frequency 
!,bytlie (ad that vve have five 
1046/)) with successive separa- 
jr be exi)huueLl by transition 
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— As staled above, Skorko 
jl^ping the continua at very 
'i»lil?avelenglhs of the bands from 

3419-2974A (see Table ID. The wave nuniDer separations are very irregular. 
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'riiesc cannot be placed iii the v'v" scheme of Table I. It is difficult to say 
vvluil relation these bands have with P-R. K-M absorption bauds. Future 
measureinerits of all the bands from iOoo-34i5A, on high dispersion instnn 
merits will probably throw light in tins direction. However, the following 
may be given as one probable explanation. As these bands are diffuse they 
may be considered as arising in tiansilions from unstable slates (reached by 
recombination of atoms) having nearly flat potential energy curves to stable 
states. The bands apparently occur in tiiree groups. Tlie second and the 
third groups consist of bands with an average wave number separation of 90 
0111“*’. They may be c'onsidered Uj be due to transitions from unstable states 
( );,('Ui 4 and formed by conibinaliorj of two atoms to the stalde 

slate 1„( ’S,',) which is the excited state of the P-R, K-M hands. I'lie points 



* I'lO. I 

rotential energy curves for I2 molecules 

^ The stale forni.s the lliial level of the fifth group of diffuse emission hands, 

which are explained as arising in transitions from OJ slate at 51683 cm* ^ to this uiivStable 
slate ()J which d.ls.soeiates into two "P., iodine atoms, 





49 


Absorption Bands oj Iodine in Quartz Ultraviolet 

ou the curves OJ and 1„ below the state b, will be at (ilouo -303, joj® 14560, 
(44900- 32197) -T2700 ciir^ The first sroup eonsisls of bands with wave 
number separation of the order of 130 cm"’. They may be considered to be 
arising in a transition from tlie stale OJ (formed by coinbination of two 1 
(^P^) atoms) to that part of the state Oj('S,',) where w will be about 130 cm"’ . 

These may also be explained as due to a transition from the state 1 «('*«;,) 
(formed from two atoms) to a stale 1„('11„) at 58572 cm"’, with a 

frequency of the order of 120 cm"^. This latter stale is involved in the 
production of the three groups of diffuse emission bauds below 2(185^ having 
a separation of 120 cm"', discussed elsewhere (Venkateswarlu, 1047). 

Figure i gi\'es the potential energy curves oi iodine molecule. Tile 
way of drawing these curves is already explained in papers " Fmission Hands 
of Halogens Parts II and III ” (Venkateswarlu, 1047). 
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RELATIONSHIP BETWEEN WIND VELOCITY AND 
TEMPERATURE IN THE FREE ATMOSPHERE * 


By S. K. BANERJlt 


(Received lor public ail oil, Fch, 12, 


ABSTRACT. In tliis paper, a number t)f fDnnulae have been given {or the ecjinputntinii 
of upper air tcmperalure from the hnovvn distribution of vcloeit’cs of upper winds us given 
by pilot balloon observations. Sir Napier Shaw’.s formulae giving the relatif)nship Ibetween 
tonipcrature and velocity hold onlv when gcostrophic conditions arc sati.sfK d. They are 
not applicable to tropical regions. I'or tropical regions, a closer .'ipproxiinatioii is obtained 
by the use of the formula:" \ 


.t; 

Vdx 

ar ^ 


(t')-'” (t )• 


where T is the teinpeiiilnre in absolulc scale, «, 7’ the honV.i'iial components of wind towards 
east and north, « the angular velocity of earth’s rotation, and </> the latitude. 


1. Sir Napier Sliaw’s fornmlae giving the relation.ship ho<wetn tempera- 
ture and velocity arc fieqneiitiy useil to coiui)iite ui)per air lemperatnre from 
the known distiibution of velocities of upper winds as given by pilot balloon 
observations. These lunnnlae assume geoslrophic relationship and do 
not therefore hold for iro]Mcul regions. The best formulae to be used for 
such computations in tropical regions received the eonsidej ation of the 
present writer some time ago. Starling from the rigorous hydrodyiiamical 
equations, a series of formulae were worked out, with the iindci lying 
assuiniitioiis clearly defined. In this paper, these formulae have been given, 
and the best formulae for troj deal regions have been indicated. The results 
of certain coinputalions made of the uj>i>er air temiieratiue in India from the 
l)ilot balloon winds and their conipari.sou with actual observed temperature 
ivill be published in a separate jiaper. 

2 . Let the axes refer to east, north and vertical respectively, and let 
M, -a, Ti' he the components of wind velocity at (.r, y, z). 

The equations of motion are — 


Du 

b< 


+ 2't!r(7<' cos ^ — v sin 0 ) = 


pdx dz^ 


Dv 

Dt' 


-I- 2vru siu f ~ 


p by 92 ® 


Thib paper was read at the Indian Science Congress, 1939. 
t Fellow of the Indian Physical Society. 
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T)w 

Di 


— 2'mu cos 0=a — ? ^ — p 
P 0s ^ 


Dm = ?“ + , 9« + , 0w , 0M 
Dt 

0u I0g2 


etc.. 


where 

and 


+ v'^ H" 70® j 

03^ 0z* ^ Qr; 9x * ^ 9 a‘ D\’ 


are the components of vorticily vector. 0 ilcnolcs the latiiiidc, isr ihc 
angular velocity of rotation of the earth, ami K the coefficient of eddy 
viscosity. 

3. If we write 

/3=a^ cos 0, 7=20 sin 0, 
the equations of motion become 

0u , i9(j^ . / , n. , X 10/’ T- 0‘^w 




4, If the motion is steady 


du dv 07C 


... (l) 

... (2) 

- (3) 

dt dt dt “ ■■■ 

Blit in the atniosphcic, we seldom sec a steady state. To lake account 
of the non-steady state, we can assume either 

u^^^t + Uo, v = ft.t + Va,w‘=vt-t-wo ... (s) 

or 

u^HqC^* , v = voef>‘t , w^woe"^ , ... (6) 

where A, /*, v are functions of x, y, z. 

5. Taking /5 = RpT, where '1' is the temperature, we gel, I)y eliminating 
p from the equations (i). (2), and (3). the following results on the .second 
assumption, namely (6) ; — 


g 3T d f I L}^( I 

T*S.i; 0=\T 827 2 0.1: \ 1 


0q® I 0 


T 0z 


^ vV 

t 8.r 


dz \ T 8.r 


ox 


0 ( 1*1 + fi)u — - v-w 


T 


_ _0 ^ Au — ( C + y)v + (»/ + P) 
32\ ■ ‘ T 


w 


(7) 


2—1639?— a 
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^0T^j,b/i T a/i i a A aq^\ Q( {r}+^)u~^v~vw 

ray' dz\T^z^j 2dy\f bz /2 dz\Tdy ) Qy\ T 

- + (g) 

oc\ T 

If we make the first assumption, namely (5), the equations are obtained 
by wrilii4r fi^ v for Xu, fn>, vuf resi)ectively in tlie terms involving the 
oj)Ciator Q 

07 ’ 


6 . If tile air-mass is siippf>sed to move adiabatically, we have 






bein.e tlie ratio of S|;eeifie lieats, 

o' 


01 , 


a L. j dl 0:^.X r, Op 0/^ . Op 0p\\ ( . 

— “+■ tiA~ +^’^7 + ^7 +'y,-r- \ ... (9) 

di 9 v 03 ' Oz « p^ dt dx Oy dzj ^ 


If tlie motion is along an isotherm, 


6'1‘ . 0 T ^ 0 T 

u - + 7 ' - + te =0 

o.v 03' dr 


(10) 


It the motion is along an isentropic surface that is, the surfacs = con- 
stant, we gel 


6 (l> , (yp . 00 

dx 83/ oz 


T\ T«-t/ dp ^ dp^ dp\ I s 

— — — \ U-- i W~ \ = 0 . ... (ll) 

2 / p « y dx Oy 0 c j 

The two equations (7) and (8), coupled with any of the above, as the 
circumstances may be, may be used to calculate 


01’ 0 T ^ 0 T 

X(,_ _ , + -j; + jii) - _ 

y dx &y d 


dT 0T 0 T 

0X-' 07 ' 9 - ' 

if we know the velocity distribution. 

These aie very general equations, and are not easily amenable to 
numerical computation. 

7. If the fluid elements move along stream lines in such a way that the 
angular rotation can be neglected, we get 


C=0, r) = Q, {; = o. 


If in addition, the viscosity is ncgleclcd, we }>et 

£ 9T _ I d( ' Sl( I 9q‘^ \ _ 9 jiu — vw _ 9 Xu,—yv + ^iv / v 

rg.r 2 9 ,v\T 9.v / 2 92\^T9.v / 9.V T dz T 

g 1 9/ 1 9/r Sg®\_ 9 Pu — vw _ 9 yu + nv , > 

rSy 2 Qy\r dz j 2dz\fdy} 9 y T'” ' 92 T ‘ 



Relationship between wind velocity and temperature etc. 


8 . Sir Napier Shaiv s cquuiions. 

If the motion is steady, 

A-;i = v=:o, 


and if the vertical velocity and the square of the velocity can be ne>>lected, 

ia = o, <]”o. 

On these assumptions, vve gel 


T'^a.v dx\T I f 


(i4) 


F ^y= -8p(~ 

dy 




(15) 


These two equations reduce to Sir Napier Shaw s eiiuatioiis* when o, 


tliat is, 2w cos 0 = 0. 

All these collectively constitute very Luge assnin]*tions which are not 
justified, ])articularly in tropical regions. It is, Ihciefoie, little wonder that 
the conclation coefficient between tlie ol^served varialioiis o1 teini)ei ature 
and those deduced by use of vSii Napier Shaw’s e(]uations lias been found 
to be low, little less than 0.5, even in high lalitiules. In latitudes iieai the 
equator, the assumption cos 0=^0 completely invalidates the equations. 
Moreover, the vertical velocity, even tliough small compared with the 
horizontal, makes a veiy large conlribiition to temj)erature vaiiation, and 
cannot, therefore, be neglected in sucli equations. 

9. At latitude 25'' t 

/3 = 2 X 7 X 10”"^* X o o cni./s 
-y = 2 X 7 X 10“^ X 0.^1 cm. / s. 


In latitudes near tlie equator, Shaw’s equations are a)>proxiinately true, 
luovided m/T undergoes no variation in either lioriz-ontal direction, that 
is, u/T remains constant in the entire horizontal field. 

If the motion is north-sonth, then 


gdT p ( V 
0A 02\t 


The temperature gradient is in the east-west diiection , 
increasing or decreasing eastwards accoidmg as the ratio 
temperature is increasing or decreasing upwards. 

If the motion is east-west, w e get 


T* Qx 


H. 


0jc\T 


... (16) 

temjieralure is 
of velocity to 


M ~= -f const.. . 

T T 

that is, tt=AT + B. 

* Manuel of Meteorology, see reference a at end, 


it?) 
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In a purely east*west motion, theiefoie, the temperature and velocity become 
linearly related along the same east-west line. That is, if velocity is constant 
along a line, temperature is also constant along that line. In illustration 
of this, see the upper wind and temperature charts ior all levels, 2 kin. and 
above, for the months Novemlier to March, in the Memoir 011 the General 
Circulation of the atmosphere over India and its neighbourhood by Dr. 
Ramauathan and Mr. Rainakrislinan (1939). 

ro. If we assume the motion to be steady, that is A=:/ji = v — 0, we get, on 
simplifying the generalised equations (7) and (8), 




and 


« , I V 1 3 T , / , QqMQT odu ^ , 9 m V 

0 , 'Y“-^-aihr 


(18) 


(19) 


If 7{i = o, and if the velocities do not undergo variation in the horizontal 
direction, 


j 1 1 9i' 


{ » , . 8«’ \ 3T ^ 3T 8u 


or, 


or, 


g 2 \ 

g — fiu H- !i I X (mean horizontal lapse rale) 

i 02 / 


+ X (vertical lapse rate) 

2 


(20) 

(2r) 




r,, d « -r V 

= ly_ . 

az 2 


(23) 


If velocity Aocs not vary with height, 


ii_^an lior. lapse r ate _ _ (u + v)y 
vertical lapse rate 2(g— /Su) 

If M==i; = 2om/.s'-72 kni/hr, we have at ^> = 25®, 


mea n hor. la pse rate ^ _ o >112 
vertical lapse rate 981 ^0*252* 


(24' 
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When there is no horizontal or vertical variation or wind velocity, the horv/.ontnl 
lapse rate is a very small fraction of the vertical la])se rate. I'or adiahatic lapse 
rate in the vertical, the horizontal laj>se rate becomes i.j 'C per looo hiii., 
under the conditions stipulated. 

II. In a region where the gradient equation holds. 


1_ 0/) 
p 011 


V sin 





0« being an clement of normal to the isobar. 


Also, 


0c 


= -eP, p=RrT, 


p dz RT ’ 


_ji 0T 9/1 9/’ \ 
RT“ 0)1 0n [p dz I 


= log P = z\ -log p 
anoz 0C0II 


= ^ 
0c \ p 


dn 


o ( fj* V“ \ 

B=\ M' / 


Therefore, 

=r 0 8 / \ ^ ^ \ 

" dz \ T I * g d 7 \ rT / 


( 2 b) 


u> = 7 X cm. /sec., and al — sin V^ — 0.4 

Therefore, 

1 0T _ 5 . 6 x 10 -’"/ _ V, V io-'7 V./ _ v,“ 

-r 0n T, /" <>Si \ 7,1\ u'ltj’ 


where Vi, 17, rj and V7, l'a> ^2 me velocity, teini>erature, and radius of 
curvature of isobar al height z and one kilometre higher up, dv being 
measured in units of kilometre. 


If 


we get 


Ti = r2 = ioo km. = 10’ cm, 

Vi = i5m./s. = 53 km. /hr,, 17 = 276" A. 
V3 = 2om./s. = 72 km. /hr., T8 = 27o"A., 


0T 

io-*0n 


0.05 for cyclone, 
and 

— 0.03 for anticyclone. 


With these data temperature is increasing outwards at the rate of s"C per 
100 kin., in the case of cyclone, and decreasing outwards at the rate of 3”C 
in the case of anticyclone. 


If, in a cyclone, velocity decreases upwards in such a way that ^ 


V.2 ^ 


V, 

t; 


and, therefore. 



we have 


rJ— negative, and therefore, 
on 
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temperature increasing towards the centre. (Jr, air on the axis is at a higlier 
temperature than the surrounding air. 

Reverse condition holds when the velocity iucrea.scs ui)wards so that 


V, 


V 

i': 


V* V * 

and, therefore, also !> * 

1 2 1 1 


In an anticyclone, if velocity increases or decreases fairly rapidly with 
height, then the term involving 


r, T. 


is the dominant term. In this case the axis is cold or warm accordina 
velocity is decreasing or increasing upwards. ' 

12. h'or the computation of temperature from the distribution oi 
in tropical regions, a better approximation is obtained by the use 
equations 


g 

T2 



as the 

1 winds 
bf the 




T= 8y 


03/ 


T/ ^ 0;^ \ T, 


than by Sir Na]>ier Shaw's equalions, because the assiimi)lioii that 2 ^ cos (p — o, 
which does not hold in tlie tropical region, is not made. 


MIvTKOUOLOCICAL Offick, 
New Delhi. 
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DISTRIBUTION OF MOLECULAR AND ATOMIC OXYGEN 
IN THE UPPER ATMOSPHERE 


By H. RAKSHIT^ 

(Received for l^ublicaiion, J/>n'/ .rV, /(;;;) 

ABSTRACT. The identification of the auroral .v^rcen line a 5577 has established beyoiul 
doubt the piesence oxygen in the atoiiuc state n the upper atmosphere. l^)r various 
reasons a knowledge nf the disirilmtioii of in .leuilai and atomic oxygen with height, 
pailicularly in the region of transitidU iti which the atmosphiT’c compDsitiou changes from 
one of N2 and ()? to otic of and O, is important .Mtcmpls at di-tennining the distri- 
bution havTJjeen made by Chapman (ig^p, by Wnll and l)eming fic)3S) and by Majumdar 
(1938). Unfortunately the results obtained by these authms are bused upon data which are 
not (VUToboraled by recent observations. 

Ill the present paper attempt lias been inailc to delenniiie the distribution by adapting 
I'annekoek’s method of studying the distribution of ioiii.sation in the earth’s atmosphere 
by tlie action of solar ultraviolet radiation. The method is in its essentials Ihe same as 
that adopted by Majumdar in his analysis. In carrying nit the calculations recent data 
based on radio and otJier observations have been used ami the results niav thus be expected 
to represent more aeeuratciy the ac tual state of allairs. 

It has been found that the density of 0 ^ mnleailes decreases very rapidly with height 
above 100 kin. The density of the 0 aiom.s, vvliich is ahno t zero at 80 km., iiierenscs 
rapidly with height, attains a maxiinuni at about hm. and tlii ii gradually dcercases. 

Decrease in the density of 0 atoms nt night due to recombimj I ion has also been consi- 
dered. It is shown that the atoms w'ilt be ni suliicient density at night to emit the green 
radiation with the observed intensity. 

INTRODUCTION 

The identification of the auroral green line A, 5577 by McLenan (1925) as 
due to the transition ( 0 *S-> 0 ®D) established beyond doubt the presence of 
atomic oxygen as one of the constituents of the upper atmosphere. Since 
direct measurements with the help of sounding balloons show that up to 22 
kin, the oxygen is in the molecular state, the atmospheric composition, a 
mixture of Ng and O21 iTiust begin to change to one of N.^ and 0 at some 
higher level. Accurate determination of ihc distribution of the atmospheric 
gases with height in the icgion of transition, as also above it, is important for 
more than one reason. 

It is now generally accepted that the differeul ionospheric regions, K, 
Fi, F2, etc., are produced by the ionisation of the dillerent upper atmospheric 
constituents O.^, Ng, O (it is not yet known with certainty if N.^, like Og, is 
also dis.sociated in tire upper atmosphere). The maximum of absorption of 


Mow of tlie Indian Plmioa) Soricly, 
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the ionising solar radiation by tlie different gases takes place at different levels 
because the positions of these maxima are dependent not only on the absorp- 
tion coefficient of the radiati()n but also on the distribution with height of the 
absorbing gas. 

In ])articular it has been shown by Milra (1938) and by Bhar (1938) and 
also by Wulf and Deining (193S) that the problem of the formation of Region 
li fioo-120 kill.) which presents difficulties, is solved if it is imagined that 
this layer is formed by the ionisation of O2 in the region where its density 
undergoes rapid diminution with hei;jht due to its dissociation by the absorp- 
tion of solar radiation in the region kK 1751-1250 (Runge-Schuinann con- 
tinuunj). An accurate knowledge of the distribution of C)2 with height in 
the region of transition is therefore very important in the theory of the 
formation of the K layer. Again, it is believed that Region Fg is formed 
by the ionisation of (); also the rale of decay of electron deirS^ity in the 
ionospheric regions has been foiiui by Bates, Buckingham, Massey and Unwin 
(1939) to be controlled l^y the so-called effective rcco}}ibinaiion coemcieni in 
which tlie negative ion concentration (0“) plays an essential part, ^or the 
icmospheric studies, as also for understanding certain features of disinbutiou 
of light intensity in auroral streamers, a knowledge of the disUibution of 
atomic oxygen with height is extremely important 

The first attempt in this direction was made by Chapman (1Q31) ; the 
next was by Wall and Denning (1938), and Majumdar in 1938 undertook a 
rigorous solution of the problem- In what follows lirief accounts of these 
investigations are first given. 

Cha])niaii, on tlic basis of some tentative assumptions, concluded that 
below So km the concenttMlion of oxygen atoms should be very small com- 
pared with that o{ oxygen molecules. According to this estimate there is only 
one oxygen atom for every :,oo molecules at 80 km., while at 120 km. 
there is one for every three (). molecules. Chapman emphasised that although 
his results are only appioxnnale. there is nothing improbable in them. 

Wulf and Dcniing 1,1936^ derived an expression for the concentration of 
O atoms as a function of the number of quanta absorbed by molecules, 
the concentralnni of 0 nnlecules as they would have existed prior to irradia- 
tion, the concentration of total molecules and the specific rate of the i^ostulated 
thiec-ljody recombinat?on of oxygen atoms. As the density of total molecules 
at any level dep_Mids upon height, this gave a method of estimating the 
degree of dissociation at diflcrcnt heiglits. In a later paper (Wulf and Deming, 
iu3vS) they gave resiilis of tneir compulation of dissociation at different heights 
for an atmosphere as advocated by Chapman and Milne (1930) in which diffusion 
staits at 20 km. and the temperature is 219° K throughout. Assuming solar 
ladiatioii to be that of a black-body at 6000*^ K, Wulf and Deming estimated 
that dissociation starts from about 70 km., increases very rapidly beyond 
80 km, and is practically complete at about 100 km. lu regard to these results 
it may be mentioned that the present accepted model of the atmosphere if-’ 
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quite different from that assumed by Wulf and Deuiiug, Moreover the pressure 
in the upper regions of the atmosphere is so low lhat tlirec-tiody collision may 
be a rare phenomenon* 

Majunidar adapted Paniiekoek’s method of studying* the distribution of 
ionisation in the earth s atmosphere by the action of solar ultraviolet radiation. 
Since the case of dissociation of molecules into atoms by absorption of radia- 
tion is analogous to that of ionisation, the metliod of Paiinekoek is applicable 
to the divSSociatiou problem, (hi the basis of certain simplified assumptions 
Majunidar estimated that dissociation of (J > which is negligibly small at 
147 km. is practically complete above 167 kin. Majunidar assumed that the 
molecular absorption coefficient of C)^ molecules remains constant f ir frequen- 
cies within the absorption band, being equal to the maximum value. 

For the sake of simplicity, a constant lemi>eraturc of 30o‘'K was also 
assumed for the entire atmosphere. Majiimdar, liowever, realised the limitations 
of his preliminary results in view of such approximations and promised to 
give a more quantitative account of the problem. Unfortunately no further 
investigation on the subject has yet been [luldislied. In the moan time certain 
new problems of tlie upiier atmosphere have necessitated more precise know- 
ledge of the distribution of O2 and O lu the upper atmosphere. 

In the present paper a fresh attack on the problem is therefore being 
made. The method, in its essentials, is the same a.s that of Mcijumdar but 
some of his approximations have been avoided, h'nrtlier, Die calculations are 
based on recent radio and other observations. As such, the results are 
different from those obtained by Majunidar and are ))elievcd to represent nibre 
accurately the actual state of affairs. Simplifying approximations have, of 
course, been made, because a rigorous solution of the problem is beyond tlie 
present state of our knowledge. The effect of these simplifications is, how- 
ever, considered to be unimportant. 

DISSOCIATION OF GAS AT A CERTAIN T E M P E R A T H R E 
BY RADIATION AT HIGHER T E M P K R A T 17 R E 

Consider a gas, at a temperature T say, being traversed by radiation from 
an external source at a very much higher temperature Ti, c.g , fioin the sun 
considered as a black body at bsoo^’K. Some of the molecules, comj)Osed of 
atoms A and B say, will be dissociated by absorption of radiation. These 
atoms will in turn recombine and a steady equilibrium state will be reached 
in which the rate of dissociation is equal to the rate at which the molecules are 
formed by recombination. 

If Ii/dv be the amount of energy in the dissociating radiation within the 
frequency range v and v-f riv passing through unit area of the gas [>er second, 
then the number of absorption processes per second per unit volume is 

(i) 

3— 1639?— 2 
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where n« is the miuibcr of molecules AB i)er unit volume of the dissociating 
gas and is the molecular absorption coefficient. 

The dissociated atoms A and B will separate with a relative velocity V 
given by 

-iMV® = /!v~/n-n. . (a) 

where M is the reduced mass of the molecule given by 

M: 

III* •) III- 1, 

III*, lilt, being the masses of the corresiionding atoms, 

and /iv, I =1), tlie energy of dissociation, 

i'(, being the threshold frcuiiency for dissociation. 

In case of oxygen the absoiiition of solar ultraviolet radiation in the 
Kunge-Scluimann contiuinnn (AA 1751-1250) dissociates Og molecules into 
one normal and another excited atom as follows ; \ 

(.)« f /ir— >0(»P)H-0(’D). 

In general, when one of the dissociated atoms, say A, is in an excited state A' 
and is the energy of excitation, then 


/(V(, = I) + E. 


(3) 


The atoms thus formed will, in turn, recombine to form back the original 
molecule AB. We assume that tlic mass of the gas absorliing radiation is 
raised in temperature and tlial in spite of the fad that the dissociated atoms 
arc ejected with velocities according to equation (2), the velocities of the 
particles settle down to Maxwellian distribution coiresjiouding to the equilli- 
brinin tenqieratuie of the gas. 

Now the total nundicr of collisions of the atoms with relative velocity 
between V and V + ciV is 


where n*' and no are respectively the numbers per unit volume of the free 
atoms a' (excited) and B. In equation (4) a is a cocfEcient having the dimen- 
sion of an area which is a function soieiy of the atoms and the relative velocity 
with which they collide. But every one of these collisions does not result in 
recombination. Tlie lottil number of spontaneous recombinations, due to 
collisions, per unit Volume per second, may be written as 


4 



-MV*/2feT 


V-'‘dV. 


... (s) 


The quantity is proportional to by the Einstein relation connecting the 
absorption and omission coefficients. This will be discussed later. Besides 
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spontaneous recombinations there 111115^ V)e vcconibinalions stinuilatcd by the 
radiation field, given as usual by 

stimulated recomlnnations _ 
sponlancoiis recombinations Srr/n' * 

Hicrefore the grand total number of recombinations is 






L f 


StiIi 


> 


-MVVsfcT 


( 6 ) 


It should be noted that expressions *i) and (6) will not he equal for every 
frequency v > i'„ but the total energy involve<l in all the absorption processes 
taken together must be equal to that for all the recombinations. 'I'liis is 
fulfilled by multiijlyiug both (j) and (6) by /n, integrating and equating as 
follows : 


/ urj _ V - W o n , s 

n,ui'i'lvdv= f 4-ns'iiv.(iv( V T i -i- - ^11 V 

y J v = o \ 27r /cl / \ 8n-/iv' / 


or 




QQ 

I "ipyludv 



. V c/) 




-WVVzt-T „ 
c V»v<iV 


(7) 


The expression for /ip is easily obtained from the ratio for the 

case of thermodynamic equilibiiuni. In such a case, if neither of the disso- 
ciated atoms be in an excited slate the cquilibriuni condition is given by the 
so-callcd rraclion ixochorc : 


lb 

>Un 



;iu.//rT^ 


(8) 


where 

G = G,G„/G*„, 

Gi, Gii — the btati.stical weights of the normal quantum states of the free 
atoms, 

Gaii — the statistical weight of the ground .stale of the electronic configu- 
ration of the molecule, the nuclei being regarded as fixed, 

s — the symmetry mimbei of the molecule and is equal to 2 when the two 
atoans produced by dissociation are identical (as in case of oxygen), but when 
the atoms are not so, 

to— the mean separation between the atoms, 

01 — the fundamental vibration frequency of the molecule. 

If one of the dissociated atoans, .say A, be in an excited state A', then for 
the relative numbers of the excited and une.scited atoms we have, from 
Boltzmann's law, 

«*' _ 


Ga' -eat 
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where K is tlie energy of excitation of the atom A. This is justified in cases 
where the life lime of tlie excited atoms is large compared with the time 
between successive atomic collisions. Substituting in (S) we have 

^ MfcT 
0 /l7(i“\ Stt I 

where the suffix (o) refers lo the case of th ermodynaniic equilibrium, and 

It will be noted that equations (<S) and (9) giving the degree of dissocia- 
tion of the molecules are derived from the condition that in the equilibrium 
state the rate at which the molecules dissociate into atoms is equal to the rate 
at which they are formed l)y iccombinalion. They do not make any reference 
to the details of the mechanism by which the equilibrium is maintained. 

By taking into account the details of the absorption and recomt)||nation 
processes as in (t) and (6) and remembering that in case of therinod^uaraic 
equilibrium these should be identically eciiial for any frequency v>Vo>we 
have, ' 





M/ctY -iD+E)//vT 

87 ' ) 
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from the black body (sun at Ti “65oo''K) at a large distance. The value of 
li/ at the top of the atmosphere is given by 


l.-W 


" Q — 

L 



where W — the dilution factor = — =R'^ '4i^ 

4" 

R — radius of the sun = 6 q5 x io*‘*cnis., 

T — sun’s distance from earth = i'4Q4 x io‘ ■'*cnis. 

The intensity is further weakened as the radiation pcnetnites into the 
atmosphere. If N be the total number of absorbing gas molecules above one 
sq. cm. at the desired level having absorption coeflicicut tf/r, the reduced 
intensity at that level is 


Thus finally 


lln/nn _ 
«*u 



I _ 

• livUtTi *' 

c —1 

' hy/k'l\ ® 
V0 e ^ 



Wc 


1 /-.N 



dv 

hi>/ liT 

dv 


(Jl) 


If X denotes the degree of dissociation, i.c., the fraction of molecules AB 
dissociated into atoms A' and B, tlien for N molecules/c.c. before dissociation. 


we get 


N(i-a) molecules AB, 


Nx atoms A', 
and Nx atoms B, 

I.C., a total of N(H-x) particles/c.c. after dissociation. Therefore if 
represents the equilibrium pressure due jointly to AB, A' and B after disso- 
ciation, then t 

where ^“pressure due to AB hefote dissociation, expiessed in dyncs/cm • 
Therefore 

lU'Hii _Nx’^ ^ f* 

— J 

nAu I -V Kl 


i.c,, 


i-'X p * nAD 

_ kT Ha H u 

P Had 



dv 

’hv/hT 

dv 


(l2) 
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The integral in llie clenoiiiinator on the right liand side is praetically 

*^0 

on account of the extreme smallness of W. To evaluate this we must know 
the values of absorption cocfTicicnl for all frequencies within the absorption 
band. Our only knowledge of tliis in case of oxygen is from the cxpeiimental 
results of Ladenburg and Van Voorhis (1933) and the values of m Table I 
are obtained from llieir paper. Further, considering the rapid variation of 
c~hviuy V as seen from Table I, the quantity may, for the pnrjiose 
of integration, be regarded as a constant liaving the value corresponding to 1^0 
for which the value of is a maximiiin. 


Table I 

'1‘ = 30o”K (average value for the region concerned) 



, o kT -H/feT yjy -U^o/kT 

= =6‘702 X 10"" - c . ... (13) 

Jv = vo 

vSubstitutiug in Eq. (12) and introducing the numerical values of the 
quantities involved, we finally get 


= 8*588 xio- 


— ^ 00 


Lift:- 

>'0 e ■ *-i 


In tins equation /> the partial j)ressuie of Og at the level consideied is 
expressed in dyncs/ciii®. Kxpressiug p in nini. of mercury, the fonnula 

reduces to , . - ~ 

A"* d'say X 10”'^'* v'T f i 3 c, ^ j , ^ 

— = — 3 -i ; A — f ipvv*- dv. ... (14 

1-.X , P 


In order to find the value of .v at different levels a knowledge of tem- 
perature and partial pressure of (^2 at each level is necessary. These data 
are not known with certainty but those that are best available and are consi* 
dered as most plausible will be used. 

Regarding temperature we assume, after Martyn and Pulley (1936), 
a value of i6o®K at 80 km. and a linear temperature gradient, increasing with 
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height at the rate of per km. I'his is in accordance with the latest view 
that the tcmpcralure in the vicinity of I'l layer is about :i5o"K. 

Regarding partial picssure we assume that if were not dissociated, 
the condition of thoiough mixing of No and t) j would luwe l>een nuiintained 
up to at least 130 km. as exists at lower levels. 'Lliis is justiiied because even 
up to this height the tendency for dilTusive separation is. as shown by Milra 
and Rakshit (193S), negligibly sniali. ()nr only kncwledge of pressure in 
this region is that obtained from radio observations, being ju"'^ mm. at 
100 km. vSiuce tliis correspoiuls to aboiil u.:i cni. of ()o at S. T. l\ above 
this level, most of the dissociating radiation will be alisorbed higher uig We 
can therefore assume that the atiuospiiei ic composition at kkj km. is prac- 
ticaby No and Oo and also that they exist almost in the same i)rop<;)i titm a.s 
near ihe ground, 20 per cent (>2 and [ler cent N^, m round figures. 
vStartiiig witli this pressure and assuming the temiieiatuie distribution as 
indicated above, the [lartiai pressure of C).j at different heights (if there were 
no dissociation) cun be calculated. 

The initial total pressure P, due to N;> and Oo at any level z cm, above 
So km. (ill the 80-130 km. region) is thus given by 

- _ AflL. , 

l^=--Po(i + a;) 

where Po the pressure and T(, the Icinpcraturc at the 8o kin. level ; « is 
the coefficient of increase of leinperature with height above this level 
( = 2 .SXio"^°K per cm. j'cr degree); £ is the accelerilion due to gravity ; 
m is the mean molecular mass of the aii in llie region and />■ the univiisal gas 
constant. On substitution, 

P. = Po(n-o'~)‘”''^ 

Assuming Pj ooim= io“'bum., we find P,,- 3’i4 heucc 

Pt =314 + Cl.:)''® '•"’mm. 

Table II gives the values of P, and />,, the partial pressure due to ( >2, 
at different heights above 8o km. 

I'abi.e II 
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00 
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15 
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40 
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20 
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45 
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DISSOCIATION AT DIFFERENT LEVELS 


The quantity N in liq. (14) is j^iven by N = /)HN, where p is the partial 
pressure of (L^ before dissociation expressed in atmospheres, H the height 
of the lioniogeneous atmosphere foi O2 and N the number of molecules of gas 
per c.c. at S. T. P. Hence N = 2‘S6i x 10® •f’, where p is expressed in mm. 
of niercuiy. liq. (14) thus finally reduces to 


_ *^’527 X lO' 
r - .'»■ P 


*^0 


- 2’86i X lO *^\pu 




dv. 


... (15) 


I’he values of p and 'J' for any level are obtained from Table II the 
iiitei’ral is evaluated by graphical method* Tabic HI gives the values ipf the 
fraction \ of (>2 molecules dissociated at various heights, the equilibrimii 
concentrations of t)j and of () and also the total amounts of Oo auid () 
above e.u'li level in the region studied. \ 


IWk 111 
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1 
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90 
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o'25S 
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0'23I 

los 

0*6302 

I '398 X 10*'*^ 
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oTqo 

no 

o’g56T 

S'250 X 10'“ j 

3‘585 X 10 
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0113 

II 5 

09941 

3*815 X lo'* 

l "752 X io ’2 

S' 254 X io~^ 

6‘33 X 10“^ 

120 

o’ooSS 

5*288 X 10'‘^ 

T'057 X :o’ 2 

6*336 X 10“^’ 

3 '68 X 10 

I*-\S 
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S‘Q 25 X 10*^ 

5’q 5 X lo^' 
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1 30 

1 
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The variations of and arc shown plotted in Fig* i. It will be seen 
that the density of (^2 molecules decreases very rapidly with height above 
ICO km. At the same time the density of the oxygen atoms, which is almost 
zero at So km., increases rapidly with height, attains a maximum at about 
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105 km. and then gradually decreases. The transition layer in winch the 
density of rapidly decreases plays an extremely important part in the 
production of the Ei layer of the ionosphere as nieulioiiecl in the Jutrodiiclion. 



RECOMBINATION PRO C li vS S E S 

Finally the decrease in density of atomic oxyp,eii in the upper atmosphere 
at night due to recombination of oxygen atoms to form oxygen molecules may 
be considered- The tw^ different ways by which ncutial () atoms may dis- 
appear are as follow : — 

(0 Radiative recombination : 0 + 0 — + 

{it) Three-body collision : 0 + 0 + M=02 "‘"M,* where M is the third body. 

Regarding the first process the coefficient of recombination has been shown 
by Herzberg (1Q39) to be of the order of 10^^® cm.^/sec. At 105 km. level, 
where the density of atomic oxygen is the maximum (^176 x per c»c ), 
the fall in to hours will be 2.63 x 10^^ per c.c. 

The contribution by the second process may be* neglected on account of 
the low pressure. According to Herzberg, even at a [jiessure of <>.t mm., 
recombination by the tw^o-body process predominate.^. 

There is also a third process by which the ( ) atoms may recombine and 
which ought to be considered. The atmospheric region wJicre atomic oxygen 
predominates is also rich in ionisation. Since atojtiic oxygen lias cojisideral)le 
electron affinity, we may expect copious formation of negative ions of atomic 
oxygen and the following reaction is possible : 

0 + 0’”->()| +e. 


4 — i639P"-a 
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Here the attached electron acts as the third body carrying away the extra 
energy and momentuni. The probability of this reaction has been examined 
by Massey ^1938) and is found to be of the same order as that of radiative 
recombination of 0 atoms. Hence the loss of 0 atoms due to this action is 
also of the same order as that by radiative recombination of O atoms. 

It is to be noted that this decrease in density~of about one order — is in 
the region of maximum density of the ( ) atoms at 105 km. In higher regions 
(250 km ), the fall in the density of t) will be much less. In any case, there 
will always be sufficient atomic oxygen left tliroughout the dark hours of the 
night to account for tlie emission of the atomic oxygen lines. 
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THE EFFECT OF SPIN-SPIN INTERACTION ON HIGH 
VELOCITY SCATTERING 

Uy k. c. kar 


(Kt'ccivcd /()r publication, Dci . iQ‘^6) 


ABSTRACT, The complete MoU fonmila of high speed eleetion sealtering h\ atoms 
has been derived waveslatistiealiy hv assniiujig a spin-spin interaeliciii jicdenlinl soinevvhftt 
similar to that taken by Dirac and Van Vkek ill magnetism. The spitHJrbit Jiileraetion is 
taken as in the well-known Thomas elfcci. The theory has been applii d to electron-electron 
scattering. The formula thus derived agrees with Midler's fiatnula only at the im[)ortant 
limiting cases wliere the velocity in the relativistii' legion is (0 small and (//) extremely 
high. The case of electron-positron scattering has also been considered. 

In dealing with the pioblcni of scattering of fast electrons hy atoms, it 
was pointed out (Kar, ly.jd) that the loinplete Moll formula (Mott, 1929; 
of scattering, namely, 


1 = 


2 mol’' 



cosec^a^*- -jCOSec'Af' i 


2jtZc''‘ _cps*Jl^ 
he sin'’if'' 


+ higher terms j ... (1) 

could not be derived by tbe wavcstatistical iiielliod unless some sort of spin- 
spin interaction was assumed between the interacting particles. 

In the present paper it is proposed to derive the coiiiidetc Mott formula 
by taking the spin-spin interaction somewhat similar to that taken by Diiac 
{Principles of Quantum Mechanics) and Van Vleck (Lkctric and Magnetic 
SusceptibUiiies) in the theory of Magnetism. The theory is also applied to 
electron-electron scattering and the formula thus derived is found to be in 
agreement with Mdller's formula at very low and high velocities of incidence. 

It has been shown in the previous paper that the relativistic wave ec]ua- 
tiou is 

AX + ^\iLi - VC - EC - a, = 0 (2) 

when the spin-orbit interaction potential (U/^).-., is taken into consideration. 
If the spin-spin interaction ( k..) is taken into account, the above wave equation 
is further modified and becomes 

Ax + -^C [(li- V’- 

/ir C 


(3) 
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On proceudiiiK in the usual manner wc have, for the differential equation 
satisfied by the first order scattering function (AjXi), 

A(A,x.)+ fe=(A,x.)= 5 "-iA«[ 2 /'F+ 2 £Fa.»- FN-(jn,.o] 
h'c 




.45'^ r h'-^. 


■E,^] 


(3.1) 


where it is ussuiiied that the effect of the potential is so small that its 
square is negligible < 

U has been shown, in the i>revious paper referred to above, that the first 
term within bracket in (3.1) gives after solution the usual cosec^ — term in (i) 
whereas the third and fourtli terms, namely, — and_ (JV'*)b-o, give the third 
term in Mott formula (j). Let us find in the following the contripution of 
the second term, namely, s/.'Ks-.r of (3.1), in tlie formula for the intqiisity of 
scattering. 

Now, Dirac and also Van VIeek liave shown that the effective coupling 
between spins due to the exchange effect is equivalent to a potential energy 
of the form 

k H-R •'* (4) 

where /12 is the exchange integral for the interacting parti9les i and ^2, while 
A',, .s'2 are the vSpin angular momenta in quantum units. We shall, however, 
take the instantaneous value of the potential in the form 

i 2 ~ (5) 

1 

w 4 iere llie upi)er sign denotes that the CoulomI) force between the interacting 
particles is repulsive. In the case of electron scattering by atom nuclei as 
considered by Mott, the force is attractive. So the negative sign should be 
taken in (5). 

Thus, on proceeding as before vve have for the first order scattering 
function (Kar, 1946) due to 


-^jXj = "t /L^-— cos fe'ro (6) 

21}l^,V 7 

Now, the incident eiectroii may nave the same or the opposite spin after 
scattering. In Ihe former case the s])in factor is evidently unity wdiile in the 
latter case it i 2 shown to be —cos6> (Kar, loc, cii). Hence, the total spin 
factoi IS 

1 — cos 2 Bin® ... (7) 

It is olwious that to include the two classes of events mentioned above, 
We must mu 1 ti[)ly (6) by the spin factor 8 h. 

Again, we have good reasons to believe that the spin-spin interaction is 
effective only at high velocity of incidence. In other words, the spin-spin 
iiiH’inntelv connected with the relativity effect. Therefore the 
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scatteiiiig; function should be iniiltiplied by yet another factor v\hich may he 
called the 'relativity factor ' ( 8 ,o). It may be taken as 

SJ — ^roUil /noii ielat JreUt t . 

r 7 ”- “I ... ( 8 ) 

^tioii>r&1(il JKou-rolat 

It is evidently a measure of the perccntaRC i>f relativistic departure of 
the probability of scattering. On substituting the relativistic and iion- 
relativistic values of the intensity we find that in the case of .Mott scattering 


— ... ( 8 .i) 

Thus from (6), (7) and (S.i) we have for the scattering function due to the 
spin-spin interaction 


1 

A,X,= -- --'cos k'i„ 




(0) 


Hence the total scattering function from (3.1), considering Ihe lelativity 
effect and the spin-spill and sj)iu-orbil interaclions, would be {vide Kar, /.r.) 

A,jX\= i cosec '^.Weos /eVo Ic'iq 

2 mQV^ r I 

I {tt — cosec-i^^eos*^ (10) 

he \ 


Hence \vc have for the relative intensity of scattering 


\2m0vy 


/3 ^ ) (cosec 2 ^e A’ ' / 0 1 .v 2 />* ^ eosee ^ i ^^cos /v* h 0 


e// COS^i^^ 


+ ( 77 — 2 /i’'ro)/:i ----- ^ cos v' 377] higher terms) (11) 


he 


sin^i 6 / 


Now, for parallel spins .vi=+i, S2—+^ wliilc for antij)arailel spins 
.S'l == — i, 2* Also the weights for parallel and aiitiparallcl spins are 

as 3:1, t.c., / = |/] +3l2- 

Hence ' ' c , , 

l = { — -—a (i — /i®j(cosfcC^i6'cos®fc'r„ — /i®cosec®i^cos‘^/c'ro 

''2moT>'*y 

-t-(ff- 2 /i''ro)i 3 cos H-higher tenns) ... (12) 

he sm“i0 

If the critical approach be neglected the above formula evidently reduces 
to Mott formula (i). It may be mentioned that in a recent note Kar and 
Sengupta {1942) have tentatively taken in Mott formula a correction factor 
for the critical approach, namely, cos**feV(i , and have found decidedly liettei 
agreement with Sengupta’s (1939) experiment 011 electron scattering by 
xenon. However, the actual correction should l)e that given in (12) and it is 
evident it would give even a better agreement with the actual experiment. 
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JL K C T R N - Iv L R C T R () N S C A T T R K 1 N G 
In the case of electron-electron interaction the Coulomb potential is 
+ and so from (5) llic spiii-spin inteiactiou potential should be 




■ ' (13) 


Now, it has been already shown by Kar and Mrs. Basil (1044) that the 
first order scattering function without taking into account the effect of spin- 
spin or spin-orbit interaction is 

cos/;'ro' ... (14.1) 

2ni^e ('Y'-jjy r : 

before exchange, and aftci exchange ' 

^1X1'=^- - - ^ cosfe"ro" ... (iW.a) 

2 m(tr~\y- i)y* V -v t V 


where 7“ / I i 9 r and %/ Uyt i)- Thus the relativity factor as defin- 


ed in (8) should be in this case 


s - 7+1 (i“- 7 )(H- 27) 

Oj — , I 

2y* 27 


■■ (15) 


As (14.1) and (14.2) give the relativistic scattering functions before and 
after exchange due to the Coulomb potential, the corresponding scattering 
functions due to the s])in-spin interaction will be obviously olitaiiied Ijy simply 
multiplying (14. i) and (14.2) by the factor 2.^1 *.2. The spin factors before 
and after exchange are respectively 


Sb = I - cos ^ 2sin^4^'" 

(5b = I + cos 19* == 2COS® i 


(16) 


Thus the total scattering functions before and after exchange are 
respectively 




I 


+ and 


c^y 


1 „>tri 


2 m.oC^{y-i)y* i 


secH»*ci>s k"ro" 


( ' 


(17) 


ne^lectiiig the spin-orbit interaction which is small because Z= i in this case. 
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Now, for parallel spins — + 1 , 53= + .J. Thc'refore the total scattering 
function, after taking into account the effccl of exchange, is 

A,., f- 

riati 4 . 1 ' 


27nov 


V 7) f 


cosec ■■^i^*cos A-'r,)' -sec*Afl’'cos/o"f 0" 


+ “ /o'ro'-cos /."ro'') 


.. (tS.t) 


Again, for antiparallel spins sj = + I, - 1 and so the total scattering 
function, after taking into account the effect of exchange, is 




2m qv 


^ 2iy + i) I f 
V V r 


cosec i k ' r 0^ + A ^‘"cos //' r(j'^ 


-y){j + 2y) I , , , , , „ „ 

O — - (cos k ? ,/ 4 cos k } 

2V^ 


... (1S.2) 


Because the ratio of intensities for parallel and antiparallel spins are as 
3:1, i.c., Ti[L 2 - 3 '-^» we have for the total relative intensity of scalleriiig 
/“ I’/i +:}/2- Hence we have from (i8.i) and (18.2I 


\ 2}IU^V^ f 7^ 


f==( „ I -'I cosec^^/^'^'cos^/c'ro' + sec'* 

— coscc ‘‘^i<9'^sec‘^i^-^'‘’cos/v’V(>'cos/t‘''r,)" 

+ 3 __ -ZL fcosec/^'i^*cos/c'r()'“- sec'‘^-i^'''cos//^ yo'0<cos/o'ro' — cos/i'"ro'0 

y" 

'H 4^^ ^ (coscc®i^^'cos/v''ro' H- SVC ’lO-^'cns/y'ro^O (cask' f 0' 4 cos/^'^ry/O 

+ .\I — k'to' + cos /v‘"ro'0* H- higher terms . 

167^ 

Because the fourth term of the above etpiation involves the difference of 
cos and cos each of w^hich is very nearly equal to unity, the term 

may be neglected. Therefore 

! — ( „ ‘ rcosec‘*J6'^cos^fc'ro'"*'Sec'*^.i^''*‘cos‘^/v''ro'' 

\2moV^ 7^ 

- cosec /f'r,/cns 
+ ^ (cos k'ro' + cos /.'"r(/'){ros ec'^i('>'’'cos k' 


47 




+ seC-iift*cos /e'Vo"+ (cos /.-'ro'+cus /."r,,")} 

47“* 

Special Cases . — 

Case I : If the velocity is small so that *, — >-t, we have from (ip) 


(19) 
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- + cosec'WWi''ro' + sec4'^*cos®fe"ro'' 

“COsec^J^'^’sec^iS’^'cos fe'ro'cosfe^'ro'^ j ■■■ (20) 


If tlic rrilical ai)proach 1)C neglected, i.e., cos 1 ’%'= cos Fro" — i, 
cq. (20) reduces to the correspoiidiiH; formula of Mdllcr (1932). 

Case II . If the velocity be great so that y » i, we have from (ig) 




cosec ^ 1 6'^'cos'^ k ' r 0 ' + sec ^ i k '' r 0 " 


“-cosec'^i6>'‘'sec‘‘^i0'’"cos /v’'ro'cos /.’"ro" + 4(cos A^'ro' + cos //'ro"|{cosec‘'^iS'‘*cos fcbo' 


H sec‘^ Jf>‘‘'cos /I'/Vo" + i (cos A’bo^ • • • (21) 


It Tiiay be seen without difficulty that because of the factor 2/7, 'which is 
very small in the present case, the critical approach is negligible. \H\ms the 
forniiihi is very much simplified and we have 


\- 2 


/= cosec^l^^ + sec^^^'^-hi ... (22) 

y2moir/ 7 I 

which is M<’»ller’s formula at high velocity 

It is thus shown that the general formula (ig) reduces to Mdller s formulae 
in the two si)ecial cases considered if the critical approacl^ is neglected. But 
for inlermediatL values of the incident velocity, lying of couise in the relati- 
vistic region, (ig) becomes on neglecting the critical approach, 


r' 2(7 + 1) 


4 sec^^/?"'-' “ cosec^.i^^’^'Sec‘^.i 6 ^'*‘ 


27^ ( 

which is (hffeivnt from Miller’s formula, 


^ (y-i)(2 Y+ 1) I ( , 


ELRCTRON-PO.STTION SCATTERING 

In this case the effect of exchaiiKe should not he considered. Thus we 
have from tlie first equation of (17) 

A,\,= jf’r - *221 (,4) 

2nto('"(7“07 V r r \ 27*^ / 

where the + sig^i is for parallel and - for aiitiparallel spins. Remembering 
that the weights for i>arallel and antiparallel spins are as 3:1, we have for the 
intensity of scattering 


.J+T.?k+i) cosecn«* + 
movy 7 


cosec^i^* cos fe'ro ■■ (25) 
27^ 
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neglecting higher terms. At low velocity but in the rehitivislic region the 
second term in bracket representing the spiii-sj)in interaction is net;ligible and 
we get Bhaba’s (1938) formula. 

Again^ if the velocity is extremely big'h^ so tliat y we have from (2s) 

neglecting the critical approach which is small. 


DISCUSSION 

It may be mentioned that in clcrtron-clectroii and electron-positron 
scattering, the approximate value of the relativity factor given in {15) has 
been used. The rigorous value is more complicated. I'rotn the detimtion of 
Sr. given in (8) we should have strictly 

8 (cosec‘*4<)*)r elat. _ , 

'* *(co.sec'*^i^*)nou-relat. ^ 

In the approximate value of S„ used before, the relativistic and non-relati- 
vistic values of cosec^iS''*^ have been taken approximately the same. However, 
on taking their exact values it may be easily shown that 

|i-Mv-i)sin2^J'-i (27) 

If the velocity is too small so that y — > i, then Sre — as in the approxima- 
tion. Again, if the velocity is very great so that y » i, K , — i as before, 
Tims the limiting values of rigorously evaluated aie exactly the same as in 
the approximations used before. 

Lastly, the question of correction for the critical approach lias not been 
discussed in the present paper as il is too small. The uncorreclud value may be 
used. 
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ON CONTINOUS EMISSION BANDS OF ICI AND IBr 

By R. K. ASUNDi‘'= AND P. VENKATESWARLU 

{Kci'civi’il for publicalioii A t>i'U iS 

ABSTRACT. A imnittir of new rontiniiou.s hands have been recorded in Ihe .speclrft of 
the mixed haoli;ens ICI and Hit excited bv uncoudensed discliarge from a tran.sfornier. 
These are eslablislied liv taking jiixlajiosed spectra of the halogens and the mixed halogcii.s. 
A tentative explan(dion of the origin of the bands is given which ascribes tliem to transitions 
from stable eleelronic r.t.itcs to a number of repulsive states that arise from a coiubinatioii 
of normal and "fM excited .states of die individual halogen atoms. \ 

INTRODUCTION t 

Tile absoridion spectra of mixed halogens have been studied iti\soine 
detail by difl'erciit workers, Conies and Sponer Brown and Gibson 

(1032), Brown (1932), Mnlliken {193^), Sponer fi93.s)- Hnt our knowledge of 
the emission spectra of these moleoiiles is rather meagre. Fili])pov (1928), 
by irradiating a rnixlnie of ICI and vaiiour with light from an aluinininm 
spark, has recorded, in fluorescence, a single band with a maximum at 4350A 
which is also the only one band recorded by him in excitation of a mixture 
of ICI and Ny by high frequency 'I‘es 1 a coil discharge. He has also recorded, 
by the same kind of electrical excitation in a mixture of IBr and Ns, four 
maxima at 4120, 3S60, 3425 and 3045A. By iiradiating IBr vajiour and a 
niixUne of IBr and Ns vapour by iiUtaviolel light (below 2000A), lie observed 
some diffuse bands. Loomis and Allen have reported, in fluorescence of IBr, 
the iiresciice of groups of lines below 2500A and of diffuse bands between 
2500 and 3700A, but they have not recorded the wavelength data of these 
bauds. They also reported that pure ICI vapour did not show any fluo- 
rescence. 


(T) IODINE CHLORIDE 

Prcparalioii and Expetimenlal Procedure . — Iodine mono-chloride is pre- 
pared by mixing iodine and chlorine in equal proportions to their atomic 
weights. Dry chlorine from a liquid chlorine cylinder is passed through 127 
gins, of resublinied iodine till about 35 gins, of chlorine vapour are d'.ssolved, 
when the solid iodine becomes completely liquid. This liquid is distilled to 
obtain liquid iodine mono chloiide which was reddish brown in colour. 

A 30 cm. long glass tube (with aluminium internal electrodes 20 cm. 
apart), to one end of which is fixed a clear quartz window while the other 
end is drawn flat, forms the discharge tube. To one side of the discharge 

* Eellow of the Indian Physical Society. 
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tube is connected, Ibrough a stopcock, a Imlb containing ICl and tlic side 
at the opposite end is connected through a stopcock and long absorption 
tubes containing KOH (to absorl. ICl vapour) to a Ccnco High Vaemun pump. 

J he tube is first evacuated and tlie slojicock connected to IC'l bulb is slightly 
opened. By adjusting the .stopcock, the vapoui is kept llouing and e.\cited 
by an imcondensed dischaige fioni a transfonner. 'I he glow obtained, which 
is bluish violet in colour, is so dazzling and repulsive to tlie eye that one 
cannot look at it for a long lime. An observation of lliis glow with a direct 
vision spectroscope shows the piesence of a strong green continuous band 
and indicates its diflerence from the nature of the individual glows of iodine 
and chlorine excited in a similar manner. As the iialine and iodine chloride 
bands (but not the chlorine bands) lie almost in the same region, juxtaposed 
spectra are taken for Ig and ICI using the same tyjie of discharges, the 
apparatus used for I2 being similar to that for ICl. 

In the visible region the spectrum is iihotograplied on a two-in ism glass 
spectiograph and in the ultraviolet legion, Hilgcr medium and h);, quartz 
spectrographs arc used. 'I'he two-prism .spectrograph is the one set iqi 
recently in this laboratory and has a dispeisiou of 44 A/mm at 5500A and 
15 A/mni at 4300A Gevart ultra-itauchromatic and orlhochromatic plates, 
Kodak P-150 process plates and Ilford ordinary plates have been used. 

K X P R R I M K N T A R R R, .S U b 1' S 

The sjiectrum consists entirely of continuous bands and atomic lines. 
Most of the atomic lines are identical with tho.se which are also obtained in 
iodine. The discrete bands of iodine, and chlorine (parts of which are due 
to CI2) are entirely absent in the spectrum of ICl thus obtained. In the green 
region, there is a broad continuous band extending fiom 5640 t0 5i2oA 
with a niaximuni intensity at about 5330A. Between 4cSoo and 3400A theie 
are a number of continuous liands. In the same region iodine possesses a 
number of diffu.se bands but in this region chlorine does not show any conti- 
nuous (or diffuse) bauds but only discrete bands. Hence juxtaposed spectra 
for la and ICl only are taken on all the .s[iectrographs used. These show the 
difference between ICl 5])ectium and I2 spectrum and thus enable one to 
establish the existence of ICl bamls. Plate IIa Spectrogram 1 of these spectra 
gives the necessary illuslration.s. 

The w'avelengths and wavenumbers of the maxima of the continuous 
bands obtained and their shortwave and longwave limits are given in Table 1. 
The wavelengths are the mean values obtained from mcasuiements of a 
number of plates. The accuracy of the wavelengths of the maxima will 
'probably be about +2A. All the bands given in 'fable 1 are recorded for the 
fir-st time and are different from the bands of Ig and Cljj. As such they can, 
with confidence, be attributed to ICl. 'Ihe single band, with a maximum at 
43SoA recorded by Filippov, is jnobably the same as the intense band between 
.4383' and 4 I 7 sA( having a maximum at 4275A- 
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Table I 

Hniission Bands of ICl 


Intensity 

I 

1 

1 Extent uf Hie 

1 Position of tJie maximum 

1 band in A. Tl. 



H 

j 5610-5130 

1 5330 

18757 

6 

1 .1623-458.1 

1 4603 

31719 

6 

j 4552-4512 

4532 

1 

32059 

6 

1 4180-4.107 

! 4455 

22440 

in 

1 4383-4175 

427 s 

2338s 

8 

4 " 75 - 31135 

4006 

34956 

5 ! 

1 

3877-3799 

3S44 

36007 

3 

... 

3700 

27019 


(II) IODINE BROMIDE 

Prepaialion and Expcrimcnial Procedure . — Resnblimed iodine crystals 
and liquid bromine are mixed in equal proportions to their atomic weights. 
The mixture is heated and the vapours condensed to give pufe iodine bromide 
(dark gray crystals). These ci ystals have the ai.pcarance of iodine and the 
smell of bromine. If a little excess of bromine is added, the crystals become 

liquefied, probably giving IBi'a. 

The discharge tube and the evacuating apparatus used are exactly similar 
to those used for ICl. The tube is first evacuated and the IBr bulb , slightly 
heated. The vapour is kci)t flowing and the tube is excited by an uncou- 
densed discharge from a transformer. The glow obtained is bluish in colour 
which is different from the individual glows of I2 and Br^ excited in a 
similar manner. Observation with a small direct vision spectroscope already 
indicates the difference in the nature of the IBr spectrum from those of iodine 
and bromine. The spectra are photographed on the same instruments as 
those used for ICl. Juxtaposed spectra are taken for IBr and I2, and for IBr 
and Bra, to establish the identity of the bands due to IBr. 

Experimental Results . — In the visible region from 6700-5000A iodine 
and bromine give discrete bands degraded towards the longer waves, but IBr 
gives only a strong continuous band from 5194 to 5008A with two maxima 
at 5153 and 5059A. A number of continuous (or diffuse) bauds are obtained 
in the iodine spectrum from 48U0-2400A and in bromine from 4250 to 2000A, 
Venkateswarlu (1946). IBr shows also diffuse bands from 4800-2300A. 
The difference of the spectrum of IBr from tho.se of iodine and bromine is 
well brought out by a comparison of the respective spectra taken in juxta* 
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Tabi^ II 

Iodine Bromide Bands 

FilipjK)V s results in j Present cxptrinienls with tiaiisforiner (iischar£»e 

fluorescence ^ 


Iflr+Na 



Position 0 

{ niaxinui 



IBr 

Inten- 



Kxtent uf band in A. U 

A»ir 

^air 

sity 







|/vnl- 




3 

5 ^S 3 

194 UI 

1 

5100 


6 

S059 

19761 

519.1-5008 

4yuo 

4850 





4675* 

4675* 





4495 

4495 

lu 

444 ^ 

2230*S 

4500-“ 4410 

4370 

4365 

5 

4348 

22903 

4375 - 4*99 

4220 

4210 

4 

4242 

23567 

4253-4231 



4 

4198 

23814 

4210-4186 

4140 

4i6u 

4 

4150 

24090 

/)i 63 - 4 i 4 o 



4 

4120 

2426s 

4133-4108 

4085 

4055 

1 

4 

4058 

24648 

4070-4045 



4 

41.1.7 

24940 

4019- 3995 

3860 

3855. 377 ". 

! 

3«55 

23933 

39**0 3800 

3715 

3705 

1 


1 



3650 

i 8 

3650 

27389 

3695 - 3605 

3550 

3500 

6 

3533 

28296 

3570*3510 

34 *S* 

3400* 






33 * 5 . 3*65. 3 *" 5 . 





3i^»o 

3160, 3130, 3050, 





3^45 

301S. 2995. *960. 
* 935 . *915. *890 

4 

* 75 * 

36326 

2766-2738 



4 

26116 

37782 

265S-2626 



4 

*556 

3911a 

*56.1-2546 



3 

*477 

40359 

2483-2470 



3 

24*3 

41259 

2428-2416 



2 

2363 

42306 

j 

2369-3356 


These are probably due ':o Ij^, 
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position {vide Spectrograms II and III). The wavelengths and wavenumbers 
of the maxima of the bands which are probably accurate to ± aA are obtained 
from calculations on a number of plates. The shortwave and longwave limits 
of the bands along with their maxima are given in Table II. The intensity 
values represent the relative intensities visually estimated from the bands 
obtained on Kodak P-150 and B-20 process plates, A comparative study of 
the juxtaposed spectra allows one to conclude with confidence that all the 
bands given in Table II are to be attributed to lllr (except tho.se marked 

From '1 able II, which contains also the data on the fluorescent bands 
recorded by Filippov, it can be seen that there is no apparent agreement among 
the values recorded by Filippov in fluorescence and those obtained in the 
pre.seut experiments in emission by electrical excitation. For example, .between 
3325 and 2890A Filippov has recorded twelve bands in fluorescence which 
do not appear on our plates. It is, however, not necessary that thcie\ should 
be one to one coincidence between bands obtained in fluorescejicc and those 
obtained in electrical excitation. But taking into considetation the fadf that 
Filippov has used only a small quartz spectrograph Avhich, on account of lov2 
dispersion and resolution, necessarily introduces considerable error in the 
values of wavelengths particularly on the longwave side oi the spectrum as 
pointed out by Filippov himself, it is likely that the bands obtained by him 
in the region 3500-4850A can be identified with some of the bands obtained 
in present experiments as indicated in Table II. 

Filippov has excited a mixture of IBr and N:j by Tesla coil high frequency 
discharge and recorded w'avelcngths of the maxima of only four bands at 
34-S» 3860, 4120 and 3045 A. Ot these probably 3^1 25 A is identical with the 
well-known iodine continuum at 3416A. 3860 and 4120A. may be identified 

with bands at 3855 and 4120A of Table II. But we shall not lay any stre.ss 
on these coincidences as it is not excitation of pure IBr that Filippov has 
employed. 

(Ill) A 1 * R O B A II L K EXPLANATION O !■ THE RESULTS 

OBTAINED 

The bands given in Table I for ICl and those in Table II for IBr do riot 
show any structure under the dispersion and resolution of the instruments 
used, and they appear to be identical in nature to the continuous (or diffuse) 
bands in the halogens (Venkatcswarlu, 1946, 1947). Hence it should be 
possible to explain them in an analogous manner. In othei w'ords, there is 
the possibility that they are due to transitions from excited stable electronic 
terms to a set of rephlsive states. 

From among the stable states till now known from absorption data we 
select two m the fluorite region, for each of the molecules ICl and IBr. 
These are at 53478 and 58190 cin“* for ICl and at 51700 and 56370 cm"' for 
IBr (Sponer). In ICl there is at least one more level in the fluorite region 
tvhich is indicated by the third system of bands (Cordes and Sponer). But 
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this has not been measured. The number and appro.vimalc positions of the 
repulsive states aiising from combinations of the separated atoms can be 
easily calculated in eacli case. Tiie dissociation enerj^ies of ICl and IBr 
involving atoms in the noimal stales arc 1737^ cm~^ and 146560111”^ re- 
spectively. The dissociation levels of other combinations involving Cl, Br 
and I in their ■^PJ states can be easily calculated. The lange in whicli the 
dissociation levels lie is thus between 17,^71 and 25«5e cm"' for TCI and 
between 14656 and 25941 cm. ^ for IBr. The range of the reimisive states 
being thus known, transitions from the stable states mentioned above to those 
repulsive states wdl then give rise to emission bands of the oliserved dilTuse 
type in a range between 27626 and 40S10 enr’ in the case of ICl and between 
■■i 5759 1161, 1 cm.-' in the case of IBr The legion in which the observed 

bands in ICl lie is from 19000 to 29000 cm-'. It is likely that the third, as 
ycl not measured, stable level in JCl is also involved in the production of 
lliese bands. In IBr the observed bands occupy the le^’ion between 19000 
and 42000 cm." * in close correspondence with the calculated raufic. 

It is thus ])ossible to offer a tentative exidanation of the bands alonp, the 
lines already successfully apj^licd for similar bands in the halogens. A 
detailed treatment of such an explanation, liowevcr, is expected to be under- 
taken when the further experimental work on the absorption and omission 
s[rectra of ICl, IBr and Bid, which is now in progrcnS in this laboratory, is 
comi>le1ed, 
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1 L U S T R A T T O N S to P L A T R F Ha a \ n Hr 
Spcclrof^iam 1 

all) anda^^i arc the ijpectra of ICl and respectively taken in juxtaposition on a 
2*prism, glass apectrograph, using Gcvart uUm-panchroniatic plate* 

b/i) A?nd bh) are the. spectra al ICl and respectively, taken on a 2 prism glass spec- 
trogroph using P 150 Kodak Process Platf'. 

r'l) and 0(3) arc the spectra of and r (21 that of TCI taken in juxtaposition on a 
2-prisiii glass spectrograph The runtiimons band in r (2) between 5640 and 5 120A, with a 
inaxinnim at about 5330 A, sh(*w.s the absorption baiids of free T2 niolernlcs which are probably 
present in the free space between the d’schfirge glow' and the quartz window of the apparatus. 
This absorption of free iodine iiiolecnlcs is absent in a(il find hfii where the free space 
between the discharge gkjw' and the ‘Aindiw of t)»e discharge tube are eliminated, d {t\ 
find d(3) are ilic iodine spectra and dt2), ^(4^ are the ICl spectra taken onl a Medium 
Ililger (|iiartz .spcclroerapli, ii.sing Tiford Ordinary Plate. \ 

c(i) to CI.S1 are the spectra of ICl, T2, TCI. 4. h* ICI. h ^ ^^1 re.spectively, U an Es 
Ililgr-r (piart/ spectrograph using n-2f> Koilak Prooes.s Plate. \ 

Spectrogram 11 

ad I and al;,) are the sp.vtra of Ig and a< 2 ) that of I Rr taken in juxtaposition on a 
2-prisni glass spL'ctrograph, using P-i 30 Kodak Process Plate, his the TRr spectrum taken 
on the S'l.nie instrument using the same plate 

rli) find are the spectra of Rr.j and IHr rospoctively. taken on a 2 prism glass 
spectrograph, using I'-iSO Kodak Process Plate. 

dd) and d(^i are the spectra of IRr and d(2) lliat of h taken in juxtaposition on a 
Medium llilger ([unrtz speetr igraph, using Ilford Ordinary Plate. 

Spectrogram 111 

nvi)an.l<ii3 are tlie spectra of TUr and rt'2) that of T, taken in juxtaposition on an 
lij lliljfcr cjuart/, spectrograph, using Kodak B i ) I’roress Regular Plate, 

(.u),&(2).l)(4Umlb'.si are the spectra of I Br and Mj) that of bromine taken on an 
R;| quartz spectrograph, using B-20 Kodak Pr»)cess Regular Plates. 
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MELT VISCOSITY : PART II 
Esters and Acetyl Derivatives of Shellac and its Constituents 

By SADHAN BASU 

(Received ior l^ubliiatiou. Apul j.V, 

ABSTRACT. The results of viscosity inciivSiiremcnts of csierft and acetyl tleiivalives of 
shellac resins have shown that both hydroxyl and carboxyl groups t^xeri their influence in 
micelle formation of the individual resins, hut the influence vshidv soft resin exerts on tl>e 
micelle formation of hard »'csin in shellac is mainly due to ils hydroxyl proiip. 


IN TROD TTCTIO N 


As reported in a previous conniuuiicatioi] (Basil, 19^7) the results of 
viscosity nieasureiiiouts on molten shellac lesins have shown that the resin 
molecules arc greatly aggregated oWing to the presence of a large number of 
active polar groups in them. In the present paper an attempt has been made 
to find out the role of the various funclional groups, namely, hydroxyl and 
carboxyl groups in "micelle'’ formation. I his end has been achieved by 
protecting the polar groups by esterification and acetylation, and examining 
their effect on the energy of activation and viscous volume. 

EXPRRIMnNTAb 


Apparatus.— The viscometer used was the same as described in a previous 
paper (Basil, loc. ciU) and the same procedure was adopted in calculating the 

values of activation energy and viscous volume. 

Preparaiion : Acetyl derivative.— Acetyl derivatives were prepared in each 
case by refluxing the weighed quantity of powdered resin with a mixture of i : 3 
acetic anhydride : pyridine mixture (5 e'.c. of mixture per gramme of substance) 
for 2-3 hours. The resulting sohitiou was poured into water, and the preci- 
pitated resin thoroughly washed, and dissolved in a 1 : i benzene-alcohol mixture. 
The last trace of acid was removed by neutralising the benzene-alcohol 
solution with .solid bicarbonate. The solution thus neutralised was poured 
into water, washed thoroughly and then dried at 5o"C in vacmini. ihe 
product thus obtained corresponded to 6.83 acctylated derivative for hard 

resin, 4.79 acetylated derivative for shellac and I acctylated derivative for soft 

resin Use of hot water should be avoided since this leads to decomposition 
of the acetylated products especially in the case of hard resin and she lac. 

Ethvl ester -20% ethyl alcoholic solution of the dried sample was satu- 
rated “ft dry hydrochloric acid gaa, left overrrigh. arrd therr reduxed for 
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2-3 lioiirs, The resulting solution was cooled, neutralised with bicarbonate 
and then poured into water. The precipitated resin was repeatedly washed 
with distilled water and then dried in vacuum at 6o®C. The acid value for 
soft resin ester was zero, but in the case of shellac and hard resin it varied 
from 3 to 5. 

The separation of hard and soft resin was effected by ether extraction 
method. 

RESULT S 

Tlie lesults of viscosity determination of acetyl derivatives of shellac, hard 
resin and soft resin are summarised in Tables I-VI and the corresponding 
curves given in Figs. 1-3. 



Fig. I 


Acetyl derivative 
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Table I 



Table II 


Shellac 



Hard Resin 


5.495X10^ dynes/cm* 


‘5.4QS X 10* dynes/cni* 

1/Txio'^ 

1) ipois) 

logi? 

i/Txio“'» 

ijfpoisl log I) 

3.09 

4340-25 

36375 

3-04 

2057.60 3.3133 

3.14 

1,0448.7s 

4.0190 

309 

4404-55 3-6440 

3 ‘i 9 

3 . 3339-55 

4 52^9 

3-14 

9259.20 3.9665 



3 19 

2 . 3437-35 4.3699 
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Table III 



Table IV 



Soft Resin 



Shellac 


/ = 5-495 X 10 ^ dynes /cn\; 

) 


T''K'= 3-23 


i/T X 10 ^ 

V (pois) 

1 "K V 

/(dyncs/ini'^) 

V (pt>i.s) 

v// 

3 ‘SoS 

1S32.55 

3 2t)2y 

1 1 .(>S8 X lo-'' 

2 1 80, 2 

*0.7391 

3-448 

771.00 

2.S874 

20.149 X io ’ 

J 35<’-3 

- l.i.pSo 

3-424 

5-16.5; 

2.7376 

25-175 " 1 "^ 

961.5 

- 1.4219 

3-389 

-U 7 .y 5 

^’.('2 JO 

3o.gt>g H ]()'* 

710.3 

-1 0397 


Table V 



Table VI 



Hard Resin 



Soft Resin 



T^R — 321 



t-r - ..Si 


/( dynes 

V (poisj 

log v// 

/(dj'ue.s/nn'^) 

-n fpois) 

log n/f 

ii.gSy X io^ 

S165.5<i 

-0.3412 

5.495X10^ 

2025.43 

"0.4335 

ai.711 X io 3 

2 « 93 . 5 « 

-0.839^ 

8,492 X 10'* 

1286.00 

-o.8ig8 

25-475 ^ 10" 

2350.50 

’-i-t» 53 S 

10.489 X 10 ' 

J093.10 

—0.9820 

'-28.472 X jo 3 

1961.15 

-1,1019 

12.488 X io 3 

868.05 

-1,1580 
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Ktliyl UMct 
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Table VIII 



Shellac 



Hard Resin 



-5.495 ** dynes/ciii* 


5 - 4^^5 ^ ilynrs/vin'-i 


l/TXlo“3 

V <ill puis) 

1 <»K V 

i/Txio*r« 

71 (in pois) 

V 

3 oy 

3057 60 

3 3J33 

3 

2335 00 

3.4040 

3*04 

93a 35 

j 

3 04 

1093 10 

3 oj 86 

3.00 

450.10 

2 6532 

3.00 

45 ^' 

2/\535 


Tabee IX 



I'Am.E X 



Soft Resin 



Shellac 


/ = 

5 495 X jo 5 (iyncs/cina 



'rK-323 


l/T X lo ‘3 

v O'u puis) 

log 71 


V 

log v/l 

3 546 

'-■797 05 

3 44''7 

5.495 X irr'i 

2f^57.r3o 

-0 4267 

3 424 

546.55 

2 7376 

I2.4B8 X IfjT 

932.33 

■'-1.1270 

3.389 

35365 

2.5487 

2M.979 X 10^ 

4 J 7 95 

--17017 

3.367 

257 20 

2.4102 

25 ' 974 >^ io* 

321-50 

--1 9073 
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'i'.MJLli XI 



TABI.U XII 



Hard Resin 



Soft Resiu 



T*K =325 



T^K-282 


/(dynch/cnV-*) 

V tpoi.'il 

log v/f 

/W>nes/cm®l 

V (pois) 

log v/f 

5.4950 X io3 

2862.2 

-0.3835 

5*495 lo'’ 

2797.05 

-0.2933 

9,4910 X 10'^ 

1546.2 

— 0.7881 

9.491 X io 3 

1511-05 

-0.7980 

12 4875Xio‘> 


-1.0329 

I2.4S8 X 10'^ 

3125.25 

-1.0450^ 


'riie values of a, !), Ko' and AA.jjAp, for esters and acetyl derivatives 
as obtained from the above Tables and the corresponding graphs are gjiven in 
Tables Xlll and XIV. 


Taih.k XIII 
Acety] Derivatives 



a 

1) 

Eo' (K-ral) 

(ill cc.) 

Hurd rc.siii 

. 1.6403 XJ(1< 

2.443 X I(J 2 

3 i.Si 

io.154 X 10'^® 

Slicllm' 

1.3714 X lO^ 

3.69.^ X ic>"2 

28.74 

10.293 X 10"^® 

vSoff rc.siij 

J.278’3 X J(}^ 

6.767X10 ^ 

25'33 

18.622 X 10 '^® 

4 


'I'ABl.K XIV 

S' 




Ktliyl Esters 



Hard rcsiij 

I 8100 X 1(4 

8 013 X 10 *-^ 

35.94 

23.07 X 10 "^® 

Shellnc 

1.5086 X 10^ 

6,117 X JO'2 

29.89 

16.83 X 10-18 

Soft resiu 

1.3606 X il 4 

4.944 X lo 2 

27.08 

13.61 Xiu~'^® 



DISCUSS ION 




A glance at 'Tables Xlll and XIV will show that on protecting the polar 
groups the activation energy for viscous flow is greatly reduced. In the case 
of esters, this is evidently due to the difference in cohesive forces between 
ester groups and carboxyl groups. Mark and Meyer (1930) have shown 
that cohesive forces in K-cal/niole for carboxyl and ester groups are respec- 
tively S.yy and 5.60. Hence the lower value of cohesive force between ester 
groups is responsible for the lower activation energj', i.c,, lower degi'ee of 
association of shellac Jsters. 

An anomalous case is ])resented by the acetyl derivatives. The cohesive 
force between acetyl groups is not actually so low as (Mark and Meyer, /oc. 
cit.) to cause such a great reduction in the activation energy of the acety lated 
products. But since the acetyl group is much bulkier than the hydroxyl 

group and cannot therefore fit in tightly in the original micelle of shellac, the 
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whole structure hecomes extended, easily dcforinahle and less a«srcgated on ing 
to the greater average distance through which the cohesive forces have now 
to opetate. 

Anotlici iiilcresting observation that can Ixi made from the values of 
activation energy and viscous volume for acetyl derivatives is that lliese 
values for shellac in every case arc nearly tlie weighted averages of those of hard 
and soft resin. Thus we may assume that the effccl which soft resin exerts 
on hard resin in micelle formation is mainly due lo its own hydroxyl groups 
interacting with those of the hard resin. Naturally we may assume that 
aggregation is mainly due to attraction between the hydroxyl groups, /.c., the 
OH groups are responsible foi inlramicellcr forces, while the intermiceller 
forces are due to COOH groups. If these .issumptioiis be true then the 
difTcreuce between the activation energy for pure resin and that of its e.sler 
will be equal to the difference between the same quantities for caiboxyl groups 
and ester groups. Taking, for example, the case of soft resin, the difference 
between the activation energy for soft resin and that of its ester is 6,35 
K-cal/molc, while that between esters and carh().xyl gioups is 3,3 K-cal/mole. 
The difference is too high to he a.scribed to experimental error. Tims ue can 
conclude that both hydroxyl and carboxyl groujis exert their influence in 
micelle formation of individual resins but it is the hydroxyl group which is 
responsible for mutual interaction of resins. 

The interpretation of the values for viscous volume as obtained for esters 
and acetyl derivatives is difficult. Since esterification and acetylation can.se 
some strong polar attraction to vanish from the molecule, the molecules get 
an entirely new orientation in the micelle and the same idea as expressed in 
the previous communication as regards the jumping of the micellu between 
polar groups, cannot be applied here. 
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A CIRCUIT FOR THE CONTROL OF IONIZING CURRENT 
BY A SATURABLE CORE TRANSFORMER 

By B. M, BANERJEE* and AMBUJ MUKERJEE 

{Received lor l^Khlicaiiofit April 79 / 7 ) 

ABSTRACT A siinplci vetsion of the Overbcck Meyer circuit for automatic control of 
ioiii/injr cuitciiL is tlescribed. A mathematical analysis for tlie circuit is preseutctl. Theo* 
ictical calculations in a practic’al case arc checked against experimental observatiousi 

The discovery of a simple and interesting relation between A. c. permeability an|[l i). C, 
inagneti/Jiig current is reported. \ 

A new pheiunnenon—sclf oscillation of the i>. C. current in such a circuit is reji^orted. 
An explinalion about the nicchanisin of such oscillations is also suggested. 

The design (jf this circuit is discussed in detail. A step by step method of design 
f)utline(L 

1‘inallv the advantages and disadvantages of this type of circuit is compared with other 
types of control circuits. 

introduction ^ ' 

In devices f where a stream of oloclrons are used to ionize a gas, the 
necessity of keeping this ionizing current constant, frequently arises. The 
ionizing current in such devices is iuherently unstable, being greatly dependent 
on the gas pressure and the surface conditions of the electron emitting filament. 
Means must therefore be provided for continuous adjustment of the filament 
current so as to compensate for, by altering the filament temperature, the 
effects of cumulative ionization at high pressures and of surface activation and 
poisoning with different types of gases. Many circuits have been proposed. 
We give below another. This is a simplified version of the Overbeck and 
Meyer (193-1) circuit. This circuit, like the Overbeck and Meyer circuit, is 
primarily meant for use with ionizulion gauges although it may be used 
in any of the other devices mentioned below with suitable modification. 

Circuit. 

The circuit diagram is given below. It will be seen that here we 
have only a scries resonating capacity in place of the series inductance and 
paiallel resonating capacity of the Overbeck Meyer circuit. From the circuit 
point of view both circuits arc intrinsically the same as both lead effectively to 
the same equivalent circuit which is analysed below : 

* Fellow of the Indian Physical Society. 

t *0 Ionization gauge, 12) Ion tubes and son rces, (3) Mass spectrometer, 
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I'K.. 1 

Saturablt* Core ( rairsfoi nier and eniiirn! rnenit , 

Oelail.s (ff S!itural)]c‘ cdvc ( lau.sfot uu i • Core of .(j S \V,C, tuuisionjui shrcls ; eoie 
IllirUntss il"; n e*. \^illcli^gs on I'ao limbs; Crjinarv’ '7,500 turns of 

No, 30 8. W C. e namelle d w ue, total (1 e' rcsivlnneu j.io inailatmi; t)nj)or lidwceii 

layer to layer Secondary ■ '^u I r5)-f( turns >.{ N >. rf> S.W 1> C C'. wire wonml in a 
single IciytT abo\’e tlie primary wiiidiiiK « tbue* la>ers ol emin're eli^th insulation between 
primary and secondary. DC. ^\inding on ((aitial limb, so.ooo turns of No, S W.fJ. 
eiuimclleel wire , total resistance c,(,,oi.o vilnn.-, no insulating paper Ix l ween layer to la vei . 
All farmers made with thick presspahn paper 

Ton gauge lube is a Western Tilcclric D7 q,>j') tube. 

Fur reactivation of the oxide coaled filament o| this gauge, the resistaiue lielween the' 
grid ami tllaincnt may be switched on A cm uiit will tht 11 pas-, tin ongh the d c. winding 
and a niaxiinnm tilaiiieiil voitagi v'. ill be di \ ck^ped and njaintained ae tl'ss the filament so 
long as the emission does nit a[)pear Appearance of emissi ,n w ill be acconipanied by an 
autoinatk: rcdiu tioii ill tlic iilaiin/iit Vi 'Itape and tlie switili ina\ l)e tlnown ut| b? gel Ihe 
iKU'mal st:ibih’/ed value (in 5 ni \) of llie einissittn cm lent. 

. hialysis : 'I'hc inotlc of (>[)ernliun of tlie circuit irmy ])e uiiflc‘rstf)0(1 from 
an analysis of the equivalent circuit. 



CiD. 2 , 

Fig, 2. Equivalent Electrical Circuit. 0. resistance of the a. c. 

windings. R/=Resistance of llie ion tube filaniL-nt ami the resistance of the 
secondary windings ; Rf = Resistance coining about due to eddy cm rent losses 
in the core. 

8—1639?— 3 
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The voltage iiidueed in the secondary windings is given by tlie relation 

li 


And 


■]lpC ■(■y/3L;j+ 




. (i) 

(2) 


where R , = 
Now L,;,- 


_ R,R/ 


R, + R, 

.lird’fAy 

bio'' 


Henries 


... (3) 


M= 4“n iH hA/< 
I. to'' 


R, 


4;'’H'aA/<. 


H ) = Primary turns. 

I )/ 2 = Secondary turns. 

I 

j A “Area of cross section of the 
j /» = A. C. ijcniicability. 


\rorc. 


/. 10' 


/ = len};th of A. C. flux path in core. 


and turns ratio 

T=**P 

"a’ 


i 


Putting «= we get 

I/, = a/;i ] 

I 

M = cxT/« } 

J 

Aiso putting = /.p,=:/,y;a 

and reinembeiiiig = and T^ = Iv,,/L., 

we obtain from (1) and (e) 


(.1) 


IEJ= 

whence 

I'.- 


andlv = 


f^aTK/* 




Ri; + 


T^R, T 

-h I l| 




\do(TV” +Ir + ^ ^ 


R? + 


y^aTEjwR 

)“:l“ t^r" 




_r 

w+i( I 


R?+^®»V® 

(5) 


K/ is the iou gauge tube filament voltage. 
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D I S C U vS vS I O N (.) N R !• 8 IT I, T S C) I' A N A L V S I S A N I) 

le X V 1^ R 1 ]\J 1>: N T 

Kquatioii <5) expresses iis a function of /a, the A. c. penneabilily. 
As is well known, the a. c. pcnneability uf the iron chuc changes with D. c\ 
magnetisation. '1 he d. c. magnelisalion of the transformer core is caused by 
the ionizing current of the ion gauge lube which passes tlnough the ik c. 
winding on the central limb of the transformer. Thus a change in the 
ionizing current will caUvSc a change in the \. c. permealiility of core and 
hence a change in the filament voltaee. In other words the filament voltage will 
be a function of the ionizing current l\> it is a function of fi, 

A set of five tlieuretical curves will be found in I^'ig. 3. 'i'liese represent 
luf. (5) — filament voltage as a fund ion of the a. permeability. The 
ordinates in the curves of iMg. 3 arc drawn pioportional to j/'/a. The curves 
are for a transformer of the dimeiisioms given in Fig. 1. 



V ]c,. 


i'-'ament TOltige ploll«« '' W’* U'”' K”'|;" '5' ' " '''"P 

resistance ami leakage iiiduclafUT of the secoin ar_\ . 


curve l,r = .33^f; 
curve IT, <-=.33/^*^' 
curve ITT, i~~ 33*^1 ) 
curve IV, ; 

curve V, r- 4^1- 


R - 2 o ohm 
K ~2..s ohm. 
R -- 3,0 ohm 
R -2 5 ohm. 
R^3.n ohm. 


The squares .ire the expi'rinu-iitiil point s for 

menial points for = Secondary lo.icl 795*'^ ’ ’ 

volts and 2.2 amps at 7.5 volts on the tilnincn - 


The tnnngics ait* the* experi- 
'i'his iiibc takes 1 4 amps at 3 4 


The curves were drawn as a function of il,i, ravlier than li, because it was 
found that M- the A. c. permeability (at constant a. c. flux density m the 
core) varies with the D. c. inagneliziiiR current (i,e., the n. c. inaKiietizatiou) 



94 


B, M. Banerjec and A. Mukerjee 


sucli that tlie relation between i//^ and the v. c. ina^^neti/ing current is almost 
a straiglil line. See curves in iMg. 4. This interesting relation ai)pears not 
to have l)een observed or reported to previously by any other worker. The 
relation means that the admittance of an iron cored reactor increases linearly 
with ilie n. e. magnetization. The simplicity of the relation makes it 
imjmrlaijt. 



A.C. pcrnio.'ihiJitN' .it roiisUiiil /lux deii.sii> \s 
in I'lii'Vt' 1 an* projuirtioDnl to i fjn. Tin* 

.|noo gauss. TIk' il r. inagnc-tizaLiMn w, uld am. >1111/ to j. 
if leakage wvu' luglcctcd. It will Ik- observed Him 

between and l. C Tl.is dts. nvv rv svill be of srent l,dp in (nture designs 

of u-nelois and lmnsf,.vnicrs uboie ue innKneti/ulion lakes pJaa-, (A.C. enrrent 
rnrw II is half tlie total euri\ iit ). 


i> (’ inngueti/.at irm curve I. The ordiiLitf s 
djx do.usilv ill the core was approximately 
/ gilberts per em per inilliampere 
an almost linear rclatinn exists 


in 


A set of four ex'pcriiuental curves— filanieiil voltage vs. d.c. winding 
cuiienl“aic given in tig. 5. Ilicy have the same general nalnre as the 
theoretical curves in Fig. 5. The e.\’periinciilal points of the curves I and II 
are also plotted in Fig. 3* es small triangles and .scpiarcs. It will he appre- 
ciated that the expeiimeutal points correspond to a curve for a secondary 
resistance lying between a and e. 5 ohms. The agreement between the theore- 
tical and experimental values is good. The discrepancy that is observed is 
due to the following rsasons : — 

(i) The filament resistance is a variable one in the experimental case. 
'I'he resistance of the ion-gau.ge tube filament varies with temperature. So il is 
smaller for a smaller voltage and greater for a larger one. The filament 
voltage in the experimental curves may theiefore lie expected to drop off more 
sharply and down to lower v'alues than predicted by the theoretical curves. 
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I’lC. 5 

lixpenmcaUl cnrvts for a sahirablc cnir (raii.'-foi mti control cirrnit. Ciicuil, Ion 
gouge lube and traiisforiiicr data gi^vn in big 

Curve I for i - , scccjiidary linns 

Curve ll—fnr , secondary tnrns^ 70 

Curve III — ^for \ secondary liirns=r n, 

Curve IV fur c a</ ; sccundarv turns 

lu till circuit of Fig. I with the coiistanl.s for emve HI, thi .sfahih/eil value i>f Hie 
('urrent is near about 10 ,5 ni.A. With the coii.stants of curve IV, the stabilized current is 
about 6M.A. So, if it is desired to change the operating cmTCiil of the ion-gauge tube, 
the resonating capacity may be changed to achieve Hu’s over a limited range. Shaded area 
in curves 111 and IV represent regions 0/ oscillation. 
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( 2 ) In the experimental case the a. c. permeability drops oil beyond the 
vesoimnce point by virtue of two causes 

(«) tile increasing d. c. nia.e,netizatian. 

(6) the reducing a. niagiielization. 

'I'he latter is not taken into account in fixing the points foi the experimental 
curves, Hence the experimental values of voltage are found to be smaller 
than the calculated ones for lliey actually correspond to lower values of /*. 

(3) The effect of magnetic leakage is not taken into account in the 
calculations. As leakage increases with decrease of fi, the voltages observed 
are smaller than the calculated ones, in the region where (i is small. 

S v\ n J Tv I 7 T T 0 N () V I O N I 7 T N G C,' U R R K N 'J' ( 

The device will staliilize the ionizing current flowing also through the 
j). c. winding in the region where the secondary voltage decreases with increase 
of p. c. winding current. For, an increase in the ionizing current will mso 
result in an increase of the n. c. winding current which will ]U'odiice a decrease 
ill the secondary voltage and thus the filament teniT)cratuie and emission and 
vice versa. Thus a tendency of a change in the ionizing current will be 
suppressed. The stable iioint is given ]>y the intei section of the filament 
voltage — emission current curve of the ion gauge tube with the secondary 
voltage -'"Saturating current curve of the saturalde core transformer circuit. 
Changes in the ionizing current may take place due to changes^ in pressure 
and composition of the gas in the ion-gauge tube and due to line voltage 
fluctuations. These will respectively modify the filament voltage — emission 
current curve of the ion gauge tube and the D. c. current — secondary voltage 
curve of the saturable core transformer circuit and so alter the stable point. 

The staliilizing control will be more efficient if the slojie of the secondary 
voltagC”-!). c, winding current be sleep. Thus the control becomes increa- 
singly efficient as we pass on to curves I, II, IV, III in order. It will be 
noticed from the theoretical as well as the experimental curves, that the slope 
is greater and stabilizing action move powerful for, 

(a) a secondary load of higher resistance. 

(b) a series capacity of which resonates the transformer at a 

Iiermeability of 250-300. 

(c) for a liiglicr turns ratio. 

Oscillalion. — The experimental curves III and IV show that there is a 
region of oscillation — the d. c. winding cmreiit and the filament voltage (in 
tlic circuit of Fig. 5) oscillating at a frequency lying between 40 to 100 cycles 
l)er minute. Sucli a phenomenon was not rejiortcd by Ovcrbcck and Meyer. 
It appears to be quite a common phenomenon when the resonance is sharp. 
It can be explained away in the following way ; — 

A. c. permeability depends on d. c. winding current ; a. c. permeability 
also depend on A. c. magnetization. 
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Further, 

I), c. Flux density depends on i>. e. winding currciil ; d, c- Flux density 
also depend on A. c. niagnetizalion. 

Ihus a change in d. e. winding current will ])roduce a eliaii :e in a. c. 
peiiiieability and a cnangc in a. c. winding current and so a cliange in a. c. 
magnetization. The change in a. c. niamietizalion, will produce a change in 
D c. flux density, which may teinforce the oiiginal change in the n.c. winding 
current, and result in an oscillation of the d. c. winding cuiienl and an 
oscillation of the amplitude of the seeondaty voltage. 

The period of oscillation will depend on : — 

(a) lime taken loi the esiahlislunent of a change in the a. c. winding 
current and consequent cliange in a. c. magiiLdi/aiion. In the les.aiant circuit 
formed by the a. e. wn'iuliiig witli the ca[»acily C some time must eliqise befoie 
the cuiTeiil can alter its magnitude. 'Phis lime is of the ordei nf a fraction 
of a second. 

ih) U'ime taken for tlie establislnncnt of the ennciit in the n. C. winding. 
This depends upon the lime constant of the d. (. w inding. 'Phis is also a 
iiacliou of a second. 

Tlie overall period ivS the sum of the Iw'o. It w'as found to tie lieiween 
lialf a second to one and a half seconds depending upon whether load Wiis 
connected t(i tlie secondaiy oi not. This fils in wmll with wdial may be expected. 
The correctness of the explanation was fiullier verified by pulling a resistance 
in series with tlie u. c. winding. This shortened the lime peiiod as expected. 

D K S ] 0 N O h T II K T K A N S V () R M U 

It w'as gioinled (jut eailier that the stabilizing action becr>ines more perfect, 

(a.) with a secondary load of higher resistance, 

{b) for a greater turns ratio, T. 

it) for a resonating iieuiicabilily lying between esu-qou. 

The secondary load wul! Iiave a highei lesistaiice value il the eddv cmieiil 
loss;;s lire muiimucd. This may be aclikyed by nsiiiK thin lauiiiiations (.f 
high specific resistance Iransfonner sheets In form llicc'iu . Wondcii coie 
clamps should be used to eliminate eddy current losses in the clamps and also 
to reduce leakage of ir. c. and A. c. magnetic flu.'i. Uiakagc of both d. c. 
and A. c. flux lines tend to reduce the efficiency of control. 

Tlic turns ratio T cannot be increased hidefiiiitely. With a giealci value 
the secondai'y voltage will he smaller. Most useful design lesmt.^ ulivii the 
maximum secondary voltage of the secondary voltage-D. c, winding cuirent 

curve of the circuit coijicides with the maximum rating of the lo.u gauge lube. 

The capacity value chosen should be sufficiently large so that resonance 
is possible, i.e., the reactive volt-amperes be several times (at least three) 
greater than the filament power. The dimensions of the traivsformcr core 
should be big enough to secure the resonance inductance at a peimcanity 
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not ^smaller tlmn 250, (otherwise the system will fail to give satisfactory 
stabilizing action. 

Tlie TJ. c. winding should have sufficient luimbcr of turns to reduce the 
a. c, permeability to values below the resonance permeability. 

A method of step by step design of the transformer is outlined below : 

1. Find out the maximum filament powei (tcO required by the ion- 
gauge tube. 

2. Set upon a suitable vaiiie Q, for the ratio leactive volt amperes (W) 
to filament power (a'). It should have a value not le.ss than three for good 
stabilizing action. 

7,. The iiiaxiiniim voltage across tlic seiies capacity will then be approxi- 
mately O tunes the supply voltage. Calculate the capacity from the relation, 

,j. The maximuiii primary voltage is also OK approximately. The 
maximum seeondary \’oUaee is to be equal to tlie maximum rating of '^lie 
Ion-gauge tnlu\ So 


Turns ration 


Q. iv. 


Max. rated ion tube filament voltage 
5. C'alculate the size of the Iransforiiier from the relations 

and iIJ"-VB2/S7rg 


where B is the flux density, fi the a. c. permeability and V the volume of iron 
in the A. c. limbs of the core. 

So tluit W-/^VB“78;7g 

whence V = W.(Sn-/A/ 7 B‘^ “ SQicTTfi; 


This sets the volume ol iron in the A.c. limbs of the core and thus the size 
of the transformer. 

V increases and so tlie size becomes greater as 

(а) 7V — the filament power increases 

(б) Q increases. 

{since control becomes more efficient with higher values of Q, el'ltcicni control 
nteans increased si-jc. 

Smaller size results when the resonating permeability is small and B is 
large. But as has been remarked earlier, it is not practical to use fi values 
less than 250 and B greater than 10,000 gauss. 

0. Calculate the number of turns required in the primary and secondary 
for the dimensions of the core (calculated in step 5) from the relations 

(a) volts per turn = - 
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where Maximum flux density in coiv, 

A = Area of cross section of umv. 

/ — supply freciueucy. 

(b) Maximum primary vollaKe— Q. )•,. 

(c) Maximum secondary voltage Maxituum rated ion tube voltage. 

7. Prom the wire tables select suitable wire sizes for the primary and 
secondary. Tlie maximum secondary current is equal to the maximum raliug: 
of the gauge tube filament. The maxinmm primary currenl is obtained from 
tlie relation 

Maximum primary current^ (J. 1 * 1 . /). < . 

8. The D c. winding of tlie translormer slioiiUl be put on the central 
limb. This eliminates A. c. voltages from the d. c. turns. The central limb 
should have an area of cross-section approximately twice the outer a. c. limbs. 

From the wire tables select the wire size for the i). c. winding. The 
current it has to pass is equal to the ionrzing current of the ion-gauge tube. 
Calculate the number of turns that may be pul in the space available. Hcucc 
calculate the resistance of the winding and also the D. c. voltage drop across 
it If this is excessive a thicker gauge must be used. 

Steps 6, 7 and also S may point towards an increased sr/e for the Irans- 
forjner. In that case tlie caiculalioiis are lo be rei>ealed assuming a greater 
value of resonance /x in step 5. 


p ]*: R I'’ u RM A N r n 

'rile performance of an a('lual circuit is described in the curves of 
Fig. 5. The curves Ihemselves cannot give an exact idea of the actual 
.stabilization obtained against line voltage fluctuations and gas pressure 
variations. The variation of the ionizing current with line voltage fluctua- 
tions and gas pressure variations were tlieicfore sep.arately studied and the 
results arc as follows : 

1, For a change oL line voltage from 426 volts to 240 volts, the change 
in the ionizing current was only 0.5 111. A. in 10.5 111. A. This variation of line 
voltage affected both the saturable core transforniei circuit as well as the 
rectified d. c. supply for the ionizing current. 

2. Change in the ionizing current was not discernible for gas pressure 
changes from the ‘‘blue glow' ’ region (pressure higher than lu^'* mm.) 
to lower than lo'Snni. However, the filament voltage dropped and glow 
of the filament disappeared as the vacuum worsened from 10 mm. lo the 

blue glow " region. 

CONCLUSION 

The circuits that appear to be generally adopted as a control circuit of 
ionizing current is some variation of the circuit described by Ridcnoui and 
Lampson (1937). This circuit uses many valves and components. The 

3— 1639P— 3 
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The second division in the reRion 4Soo-e37oA consists of dilfnse bands 
n hich apparently occur in grouiB except for U.e continnnn. at 3416A an.l 
three other broad bands at 4747, 46 fc 4575 A, ..l*b may also be regarded 

as eonlinna (vide Papers 1 , II states sM 

togettvfct V\\ii cowViTvwa c.a.Ti\ “ V * v >a \v\ 'tVvt 

WWs oS elevens »ov,vs «e WsXeb tom nue «,e,\\mr 

v;aVMMl»V*t dllierences '.Ukk 


iiurabei of conipoiicjr L,J - - 

the saturable core transformer. ThisinaJtea*w. . 
or carbon resistors to age and spoil perforiBatice* , ‘'i'-' 

The difficulty with this circuit is perhapS the ait«^ 
itself. It is not a component which may be readily bought ' lir(*S^ 

However, construction of one even in the average laboratory is not'' W 
difficult. Any transforraei manufacturer or rewinding shop can turn out 
these things (even a single unit) with very little difficulty; It will Virfputid 
that the transformer is of rat\\etV\g, size and the touieu?&ts must \ieol1u\|\\ 
tm\s\<\ete^t a tlxawAiatV. oi tVts cwcuit Tiut agaia 
wcfiud that alUdenour Larapsou circuit of equivalent performance could not 
be assembled in a smaller siiace and at a lower cost. It is expected that in 
future the circuit will be adopted hy manufactarers and experimenters as f re 
ijueutly as any other circuit. 
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Spectra af the Halogens, /,, Hr, and Cl. 

and others may be due to the transitions which ate thcorctioally inrssilje 
notably O’, ,) ■ I J | „,»J, , 

( -l-io-K where the three final levels dissociate into two aloiiis, (See 

Table III and Fig. i). ■ 



INTR ODUCTION 


In a series of papers entitled “ Emission spectra of Halogeps, VvA% lA* '* 
fVenkateswarlu, I-V, 1946-47)! detailed accounts of the emission banOi W 'die 
fluctuation continuous ot diSnse type observed, many of tbem lot tbe fits! lime 
hhve been given and interpretations of them are offered which have enabled m 
to obtain a fairly accurate knowledge regarding' thti repulsive curves of 
molecules. In the absorption spectrum of iodine, two systems of discrete 
bands have also b^n teivly reported fyenkafeswarlu 1946, 47, YI-yiIj.+ 
All these data along with the knowledge previous to these investigations have 
been utilised in the 



102 


R. K. Asundi and P. V enl^ateswarlu 


The second division in the rcKiou 4800-2370A consists of diffuse bands 
which apparently occur in groups except for the continuum at 3416A ami 
three other broad bands at ^747, 4662 and 4575A, wliich may also be regarded 
as contiuua (vide Pai)ers I, II and III). These groups of diffuse bands, 
together with the coulinua can be explained as arising in stable stales and 
having for their final levels dilferent repulsive slates. In general, the consti- 
tuent bands of different groups are well separated from one another with 
Avaveuuml)er differences which approximately agree with the vibrational 
frequencies of the stable slates thal form Ihe initial levels of these groups. 


The different stable states which are involved in giving rise to the bands in 


the region 4800 to 2370A are 


r I - ' . 

/r ‘ ^ U ' H / f 


in ^fn V I ^ If 


' // » Mj m If ‘ U ' n / f fo ’-'it' 

In 7 r,l, ttJJ, rr^. 1 J Ul J aiidl { 


K, ^in O'g, nl, n'i, fr'i. ljUTJ andl{(tr‘^, 

nt. nl - \ 

at ^4900, 51528, 51683, 5S572 and 56000 0111“^ with w values go, 215,^165, 
120 and 360 cm“^ respectively (x»u/r iMg. i). Of these the first and the ihird 
are observed in absorption as forming the final levels of the PriiigshiMiii- 
Rosen, Kimura-Miyanishi (P-K, K-M) bands between 276u-ig5oA (Paper 
VJl) and Cordcs bands (Paper VI) in the iluorite region ig5o-i77oA resijec- 
lively. The other three slates cannot combine with the ground state tt^, 
nf, ; (),/ because of llie nile, and as such the>' are not oliserved 


in absorption- 

'riicje are Ihe gioui>s with wavenumber differences of the order of 
cm"’^ among the constituent bands, which arise in the stale ( )l CS;} at 51683 
cm“^ with o> = 165.1 cni*'^ (Paper I). 'fhese five groups have for their final 
levels the following repulsive slate : Oy (^Ih,^), ("'S”), 1,; 

and 01; (‘^Tlo + f which the first dissociates into K-P, )-l“l(‘-^lb ) atoms at 27637 

</ - - 

cm"^ i the second, third and fourth into Il'-^P.p + I(^P|^) atoms at 20037 cm"^ 
and the fifth into I(^P^) + 1 (^P^) at 12^37 enr (vide Fig. i). 

b'ive groups with a wavenumber separation of about 215 ciiT^ among the 

constituent bands (Paper II), arise in the state with (•>'-'215 cm"* 

at 51528 cm"*. They have for their final levels the following repulsive 

states; lu('^Si), ‘-^ii(?^2i 4) and I„(UIJ of which the 

first two dissociate into two l(*Pi) atoms, and thd- remaining into l(®p3) 

2 2 


+ IC^P, ) atoms. The stale II2, ir, forms the initial state of the five groups 
of bands with a wavenumber separation of the order of 360 cm" ‘ among the 


constituent bands. final levels of these groups are the same as those 


of the groups arising in the l„(Uiyy) state. The stale VA’H./) at 58572 
cm"* with to'— »i2u cm"^ forms the initial level of three groups of bands from 


2685-2448A which have for their final levels the same repulsive states as the 
last three groups arising in and 112, if/ (Paper III). Between 

2S00-2370A there are some bauds which arc difficult to be measured and some 
of which may be extensions of the three groups of bands arising In 
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and othois uiay be due lo the transitions which arc theoretically possible, 
notably O; (»i;;)->l ,('‘11, J ; l„(‘Jl,„)->l„(«Ji,J and 1 „)->( >; 

(■^llo-), where the three linal levels dissociate into two U"'*!’;,) atoms. (See 
Table III and Fig. i). 



I'iCi. 1 

roteulial energy curves /or J.^ iile 

(_)f all the various transitions, the following (letcrniine tlie coniilijjg for 
iodine molecule as of case (^r) type : 

(1) o;(’s;)->oj(»si;); ( 3 ) (•'‘S;) 

( 2 ) o; (*S;)->1, (»S7); 4) i„ (=*S:)~>1„ {»27). 
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Tlie second division in the ret^ioii 4S00-2370A consists of diffuse bauds 
which apparently occur in gvoups except for the continuum at 3 I16A and 
three other broad bauds at 4747, 4662 and 4575A, wliich may also be regarded 
as coutiiiua (vide Papers 1, II and III). These groups of diffuse bands, 
together with the continua can be explained as arising in stable stales and 
liaving for their final levels different repulsive states. In general, the consti- 
tuent bands of dilTerent grou]‘S are well separated from one another with 
wavenumber dilTereiices which approximately agree with the vilnalional 
frequencies of the stable stales that form the initial levels of these groups. 
The clilTereiit stable states which are invedved in giving rise to the bands in 
the region ^^Soo to 2370A are tt^, tt*, ct,,. i; ; cr,,, tt'}. , ^ irf, , 


i ^2, 




A,, (Ml,,) and 


a I 


65 1 


"10 **'}'■ ^ <! 

at 44900, 51528, 516S3, 5S572 and 56000 cm'”^ with w values 00, 215, 

120 and 360 cm“^ respectively (vide Fig. i). Of these the first and the tl\ird 
are observed in absorption as funning the final levels of t]ie Pringsheiin- 
Rosen, Kinmra-Miyanishi (P-R, K-lVl) bands 1)elween 276o'ig5oA (Papei 
VTl) and Cordcs bands (l‘apei VI) in the fluorite region t950'I77oA resjiec- 
lively. The other three vSlaks cannot coin))ine with the gronmi state ttJ, 
71 ^ ; (),'/ because of the rule, and as sueli tliey are not observed 

in absorption. 


'riiere are five groups with wavenumber diiTereiices of th^ order of 105 
cm"^ among the constituent bands, which arise in the state < (’2;) at 516S3 

cm””^ with 0) — 105,1 cni“^ (Paper I). These five groups have for their final 
levels the following repulsive state : 02(^22), ("S^), M/ 

and On + ( of which the first dissociates into I(^P, ) 4- 1('-^P, ) atoms at 27637 

j/ - “ 

c«r^ ; the second, third and fourth into I(‘‘*P;i) + I(^P.l) atoms at 20037 ciii“* 
and the fifth into I("P^) + l('P|j) at 12.137 cm"', {vide Fig. 1). 

Five groups with a wavenumber separation of about 215 cm"’ among the 
constituent bands (Paper II), arise in the state with (o—aiji cm"’ 

at 5152S cm"’. 'I'liey have for their final levels the following repulsive 
states: and l„(’n„) of which the 

first two dissociate into tw^i .j) atoms, and the remaining into 

-t- l(‘^Pi) atoms. The stale lljj, 1,/ forms the initial stale of the five groups 


of bands with a wavenumber separation of the order of 360 cm"' among the 
constituent bands. Tha final levels of these groups are the same as those 
of the groups arising in the 1„(''II,„) stale- The state 1 at 58572 

cm"’ with w*-»i2o cm"’ forms the initial level of three groups of bauds from 
2685-244 <sA which have for their final levels the same rcimlsive states as the 
last three groups arising in l,(’’ni„) and Hg. , (Paper III). Between 
2500-2370A there arc some bauds wliich are difficult to be measured and some 
of which may be extensions of the three groujis of bands arising in 1,;,(*II„) 
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and others may be cine to the transltiou^ which are theoretically iu)ssil.le, 
notably o; ,,(^1, j ; 1 „(.MJ , >l , j ,,,,,1 1 „(=*J] ,,)->( ); 

(nio.), where the three linal levels dissociate into two atoms. (vSee 

Table 111 and i). 



( )f all Ujc varioiks transitions, the fullowiny determine the conjdiij^^ for 
iodine molecule as of case (r) type : 

(1) o: ('2:)->(); (-^27) ; ( 3 ) iu (^^27) . 

(2) oi osrj->i, 4) i« TO. 
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( )f these the first two represent the second and third groups arising in the 
state Oa (* 2 i) (Paper I) and the remaining two represent the two broad 
bands at <1747, 4662A arising in 1 „ (Paper III). These transitions 

would not have been possible if the coupling is case (a) or (b) type, because 
of — i — rule. The fact that these transitions are pre.sent is a clear 

proof of the existence of case (c) type coupling in these states of iodine- All 
the other transitions u ill l)e possible for case (c) type coupling as w'ell as case 
(a) or (h) ty()e coupling provided the singleH — 1 — ^-triplet rule is not .strict. 

(2) Bromine: The spectrum of bromine, as that of iodine can also be 
divided broadly into two divisions (Paper IV). The first divi.sion between 



Fig. 2 


Potential energy curves for Brg molecule 
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6700-5000A consists of bands degraded towards red. According to Ifchidn 
and Ota, these bands occur in two systems which arise from two different initial 
slates having frequencies of 19a and 151 cm' ' to a common final level which 
is different from the ground stale and which has a frequency of about 360 
cm”’. Unlike in iodine, therefore, these emission bands do not coincide with 
absorption bands. This tact is confirmed from the spectia taken for absorp- 
tion and emission on a 3-v)rism glass Steinheil si»ectrograph Uchida and Ota 
indicate also the probability that the discrete emission bands may not be due 
to the neutral bromine molecule. 
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'I'hc second division from 4250 to 2000A consists of diffuse bauds (Paper 
IV) which like tliose in iodine occur in groups, the difference being that the 
constituent bauds in different groups in bromine overlap one another. In 
general, these giou|i.s aiipear as continua superposed by different maxima 
whereas the constituent bands of different groups in iodine are well separated 
and appear like sequences. 

'riiese groujis also can be explained as arising in stable levels, and having 
repulsive states for their final levels. The various .stable states are 1 „(®S;,) 
at .t7ooo cm"^ and l./l’^TIi,/), I and TTg, 1,; with frequencies 330, 220 

and 4S0 cm"' resjiectively at 55534, 614,14 and 66500 cm"^ Of these four 
states only I at 47000 cm~^ can combine with the ground state 07, ('Si;) 

and so we expect in the extreme quartz ultraviolet, absorption baiUjls in 

bromine corre.sponding to P-R, K-M bands in iodine. In fact Aickiiii and 

Hayliss (1938) have indicated the presence of a weak band system accom- 
panying the continuous absorption in the ultraviolet. As can be seen from 
the ])otential energy c urves of bromine molecule (Fig. 2) the repulsive cnVve 
<n:- •« and the stable curve at 47000 cmV ' 

arising from the configuration <r„, 1:*, o-„, run chxsc together on the left 

hand side. So it is likely that the band absorption will be so overlapped 
by strong cxinlinuous absorption as not to be observed easily. Besides the 
four stable states observed in bromine, there is a fifth state Ol, (’Si) occurring 
in absorption and emis.sion in iodine. Probably the c'orresponding bands of 
bromine arising in 07 ('ii,',l lie in the vacuum ultraviolet region. , 

'I'here are five groups arising in 1 „ (''Hj „) with an average wavenumber 
separation of about 330 cm"' among the constituent bands wdiich represents 
the vibrational freiiuency of the initial state. Tliesc groups have for their 
final levels the repulsive slates O; (''2S"), O; CSi:), 1„ ("A,,,), 2„ (^Ag,,) 
and l„ ('n.„) of which the first dissociates into Br(*P^) -f Rr F’Pji) atoms at 

23266 cm"’ and the remaining into Br('“'P;^)-t-Br(^Pi) at 19581 cm“’. The 

ii li 

I (/(' 1 f u) state at 61444 cm"' forms the initial level of four groups of bands 
with a ■ wavenumber separation of 220 cm”’ among the constituent bands, 
(which represents the cu value ot the initial state) and of a broad band at 
2()23o cm”’. The final states of the four groups arc the same as those of the 
second to fifth groups arising in ]„ (’Hi,,) and the broad band has for its 
final level, I i.CSt) dis.sociating into BrCP^) + Br (®P|) atoms, (vide Figs. 2, 3). 

The 112, hi state at 66500 cm"’ forms the initial level of the two groups 
of bands in the extreme ultraviolet region which have a wavenumber separa- 
tion of about 480 cm"k which roughly represents the vibrational frequency 
of the initial state. The final levels of these groups are the same as those of 
the last two groups arising in (“IIj,;) state. 

Finally the .state (" 5 !u) at 47000 cm"’ forms the initial level for nine, 
broad bands which arc too broad and irregularly separated from one another 
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to be regarded a& a single gioup. These nine bands liave lor their iinal levels 
the following repulsive states: O,'; ();], 1 ,,. 

Oj (''Ifok), 1 , ond 2,, (MloJ, Of these the 

If 

first dissociates into Br(^‘P^) i- Ui ( I atoms. The live states fioni sccoiul 
to sixth, dissociate into Br(''*P;!) + Ih ('T’l ) and the last three into Br(-P;i) 

'fRr(*Po). It should l>c noted thai. llie tiaiisilioiis from the stable vStale to 
the second, third and fourth icpulsiw states u ill not be if tliere is 

case (a) or (b) type colliding, liccause of and -A rules au<l 

they will be possible only if tbeie is case (<;) type coupling. 'I be existence 
of tliese transitions which nloiu- explains the experimental data is a proof of 
tlie existence of the case (t ) ty[)L couiiling in these states of bromine molecule 
as in iodine where H liecomcs a good ciuantuin iinmber ami A ^nid IS hise 
their significance. 

(3) Cliloriiu '. — Tilt spectrum t)f cliloriiie, sinulaily to that of iodine 
and bromine can also f)c divided into two divisions (Paper V^). 'fbc' iirst 
division in the region 5000 to 3o()oA consists of discrete liands degraded 
tuwaids red, only part of uhicli have liecn analysed by C'ameroii and Pllifit 
as due to Cbj The discrete emission bands, like those of 

bromine do not coincide v\ itb alisorptioii bands d'he second division in the 
region 3a63-jS3oA consists of contiiiiums bands bich can be divided easily 
into lhrc(‘ sets, l^aper V deals with these liands. 'fliese thiee sels.of crmlinua 
arise in three different stable staus I„ 1 ^ td 

58000, 67700 and 75000 cm"’ respectively. The bands due to tlu‘ state Iljij 1 ./ 
which occur in bioniine and iodine and tliose due to wliieb occur 

in iodine wiU proljably lie in the vaciuim region in chlorine. 


The lirst set consisting of six contiiuia bel\Mcn 30()3“27i5A will arij^e in 
j (’’2^',) and will have for their final levels the f(»llowine, repulsive states; 

o; o; {"'S;;), 2,, ca,,), ) of which ihc 


first dissociates into Cl C^P,) l Cl (’•^PJ atoui.s at 21 7^,1 cm* 

‘2 '2 


and the remaiiu 


ing into Cl (“PO+Cl C'^Pi) at 20003 cm C II should be inentioneil tliat these 
six states can combine with 1 „ ( ‘ 2 ),) if there is case fc) type cf>up>ling. If the 
coupling is akin to case (a) type, transitions from 1 ,, ("2, 'J to the second, 
third and fourth states will not be i)ossible I)ecau5e of 2 '-< — ' — > 2 '' and 
— I — rules. The six continua can, however, he exjilained according to 
case (a) type coupling as due to transitions from tlie stable state '’2,', to the 
repulsive states and ‘Tlo,, of wliicdi the 

n 


first dissociates into two Cl ) atoms, second and tliird into Cl (‘'^P.-J 

- G 

H Cl (®Pi ) atoms and the remaining two into two Cl ('■^P:-,) atoms at eooge cm"**. 

\ (■'"‘Hi,/; at 67700 enr^ forms the initial level of the seven continuons 

^bands in the second set from 2565 to 2007 A which have for their final levels 
the following repulsive states: I k. (‘'’Ai„), ("'AorJ, 1^, 
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(>„ l„('IIi„) and ■^,,(^[2,,) of which the first four dissociate into 

ft 

Cl ' Cl J ajul tlic U'nKiijiin[> three into Cl (^P;;) i Cl atoms. 

toiiu^- the initial stale nl the three continua in tlie third set from 
1997 to i^5.‘sA uhkh liave tlieir Jinal levels the same as those of the hrst three 
hands oi tlie sjcoucI set. fra/i- /) and 5). 

C]) (iincuil Rvnunk.s. — Takin^.^ the cx])erimental results m the three 
spectra we come to tlie follow in.n Cf>ncliisions : (t*) the emission spectra of 




Spectra oj the Halogens, fir, ami Cl, 
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Fu;. 5 

Polt-nlial encrpy t urves fer Cl a niolerule 

these three molecules cun be divided broadly into two divisions ; tlic lirst 
(visible region) consists of disciele bands degraded lr)\vards red, Ihc origin 
of the bands being, however, diffeieiit in the three casvs. 'Hk* secoml division 
consists of diffuse bands. (/>) 'I‘he thicc sj)cctra apparently aiijiear to be 
similar though the chlorine si)ectrnm is displaced towards sitorler wavelengths 
compared to that of bromine and the spectrum of bromine to that of iodine, 
(fi) f)ne striking difference in these three spectra is tlial the coiistilueiit bands 
in different groups in general arc well separated from one another in iodine 
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(md a|>i>ear like secineiices ; whereas in bromine they merge into one another 
and in fact llie different groups of broinine generally appear as continua 
superposed by different maxima. This tendency appears to have been 
developed still fuitlier in chltnine wliere we get only Inroad continuous bands, 
b/) All the bands in the second divisKjn in the three molecules eaii be 
exj>lairied as arising in different stable stales and having various repulsive 
stales for tlieir final ievels. The difference in the nature c*f the diffuse bands 
ill the three si>ectra can be well exi>laiiicd as due to the following nature of 
the repulsive' states. Mostly tlie repulsive states in iodine are nearly flat 
and so the bands in e very group due to transitions from different vi1)ralional 
tevels o( the initial slalile state to the Hat i.iotential energy cnr\'e aie^ well 
separated from one anotlicr by wavenuinbei differences which repieseiiil the 
spacings of the viljialional levels in the initial slate'. In bvoininL\ the 
rejailsive slates aie slightly slee]) and so different bands in every gremp overlap 
one auf)llu;i . iMiially in ediloilne the re]»uL^ive curves are still more steep ^^i^d 
Iheiefuie, we gel only In'oad continua. 

(U) A 11 s 0 k r r i o x s i* p: c t r \ 

(i) Iodine : Iodine has alisorplion bands in the iieai infra-red region from 
S375 -c)300xA , They are due to a transition from the ground stale 

liaving a fieqiieiicy of 2J i to a slate 1// 

at 11803 cm’‘^ with <0- cnr“^. There is a conliimous maximum at 737UA 
observed by brown ( i()3rj U’hich is due to a tiansilion trmn llie ground state 
to the repulsive ]Kirt of l„ (‘Mli ,,) slate. There aie also bauds in Hie visildc 
region, which converge to a limit at aboul tpyjA followed by conlinnous ab- 
s«>rpti()n. 'Pile alisorplion curve has a maxiimun at 5.100A accoiditig toKabiiio- 
w itcliaiid Wood (1930). These ]>aiids together w ith the contiiuuiin are due 
to a transition from the ground stale to cr’;;, mJ, rr;;, ' MI ^ , ) at i55t)8 

w 

cm“^ with <•»-- 128 tm"'^. besides liie liands in llie visible and infrared, iodine 
show^s alisorplion l)ands in llie quart/, nltravioiet Uiul 11 norite legions, bands 
in the (luarlz ultraviolet region 2150-1950^ are measured by Kimiiia 
and Miyanishi (Iv-M) and those from 2760 to 2000A by rriiigsheim and koseii 
T^-K.). Tliey liavc analysed these l^ands but a mor^ satisfactory analysis is 
given by vSponer and Watson (1929). The analysis of Sjioiier and Watson is, 
however, not coniplele and does not include all the bauds of bringsheim 
and Rosen. 

x\ complete reviTw of the experimental work on absorption in the quaii/ 
ultraviolet is given in Paper VII. The analysis proposed there includes all the 
bands in the quartz ultraviolel (P-R, K-M bands). P'rom this analysis it has 
been shown that the bands from 2760 to 1950A are due to a transition from 
the ground state to a state cr^, rr«, n-J, cr^^, 1^ at 44900 cm**^ and 

with «o — 90 cm“^. The convergence limit of these bands by extrapolation 
comes out as 5Sooo±iooo cm"'. 
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spectra oj the Halogens^ /^, Br^ and Cl: 

Cordes has tneasured a luiiiifeer of hands in tlic lliioi legitni fnan uj.so 
to ji50oA. In the region 1770-1500A the hands are irregnlm and Cordes 
has grouped tlvein into seven sj^steins. The batids uii the long wave side of 
1770A up to ipsoA are not analysed by Cordes, but he was of the opinion that 
lliey form the extension of K-M bands in the ulliaviolet region. In 
Paper VI it is shown that tlicy do not form the extension of K M liands 
but that they belong to a separate system. 'I'l.e analysis of these l)aud.s 
proposed in that paper leads to the location of a new eleelronir level (( hd at 
51683 cm^' wdlh a frequency of 165 cnf'C The dissociation limit of lids 
stale is at 50000 ± Soo cm”^ which coincides with that of the state 
Poth these states Oj; and 1„ thus arise from the same tleclionic 

configuration, vi.:. : — n-,!, o ,, and have foi their dissociation products 

two ions T” (CSo)-fr (’Thi). 

The absorption data and uiolccular constants of iodine are given in 
d'al)lc* 1. Besides tlie l)an(ls in the regions given in dable 1, lo shows absorp* 
tion bauds betneeu 1770 and isooA which have beeji grouped into seven 
systems by Cordes. lie ex])iained six of the systems as due to transitions 
from the ground level to Ho, 1 », and two other levels 

and above 56000 cm""*. His analysis is, liowever, not salis' 

factory and these levels liave not Ixen observed in emission. Cordes has 
reported a conliniiuiu with a longwave end at 1505A which extends slightly 
to longer wavelengths with increase of ])i'essiire. 'filiis conliiuntin, according 
to Cordes, is not similar to the short uave contimnim of Iho?, Clo and otiici 
lialogens. fPiOibably this is due to a transition from the ground stale to a 
sleep potential energy curve possibly of ],,(*! I,,) disso- 

ciating into atomic jiroducls one of which wdl lie an excited aU)m or into 
two ions 1" (^^o) ‘*‘1 ' ‘d ^iboul syotK) cur*). 

At very liigh tcmpeiatures vSkorko (1035, lo.S/l) has obtained two ctJiitiuua 
in absorption at 3^13 and liniher increasing the leinperature a 

number of diffuse narrow l)ands is developed overlapping the coxitinua. The 
coiitinniun at 3.133A which js also observed in emi,ssum is due to a liansitioii 
from the repulsive stale OZ to tlie stable state 1 ,, (’'Hi/;) at 515^-28 cm"', 

d'he continuum at 3263 A is due to a Irausitiou from the reitulslve pari ol 
the slate Oj J to tlie stale 1,^ (Hlj .,) at 51528 cnrMPaper VII). The 
states ()" (^5") and O't ( H.I() .) are reached l)y the recombination of + ‘-^P, 

• n ^ 2 - 

iodine atoms into wliich the molecule clissociates at such high lenii)eralure.->. 
A probable explanation for tlie diffuse bands which could be arranged into 
Ihice groups has been suggested in Paper VI 1 . 

(2) Bromitn\ — Bromine, similar to iodine, is known to have two band 

systems in absorption, one in the region 7600-64 50A and the otliei Ixtw'een 

6050 and 5110A (Brown 1931, 1032), Darbyshire (1936) has reported extension'^ 
of both tlie systems. In the first system he has recorded bands up to Sr ^oA 

(t222i. 5 cm"M and in the second .system up to 8672 A (ns-8 cm *). The 
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first system is due to a transition from the groumi state O' ('IS,.) to 1 ., (''ll,,.) 
id 13737 ciir' and the second system lo a transition from the state 

to {-IIo ,) at j 58.(0 cm "V The baiuls in the second system have a con- 

. " . if 

veigence limit at S107A alter which they are followed l)y continuous ah^orp- 
tioii. This continuous absorption has, according to Aaon, Aickin, and Uayhss 
(1936) two maxima at 4150A and -jo5oA In Paper IV it is suggested that 
the two may be due to transitions from the ground slate to two repulsive 
states and 1 ,, respectively. 4950A may also be considered 

as due to a transition from the ground stale to tlie rcj)nlsive parts of 1,, ('Ml , j 
and r)„ ( 'lloJ which meet vertically above the mininmm of tlie ground level 

a 

(view of Darbs'shire). In slioil, from Uic- potential energy eurves of bromine 
it is evident that the alisorption maximum due to transitions from the f>ronnd 
slate to the repulsive i)arts of and ()|, (-Mfo.j and to l„(Ml„) 

II 

and j „ ( A] lies between 3000 and 4000A which region is experimentally 
observed to be having contiiiuons alisorption. M‘hough Aclon^ Aickin and 
Bayliss report Uvo maxima ami so many different views arc expressed by 
different authors for their origin, probal)ly it may not be easily possible to get 
the maxima due to tlie four transitions resolved and sei)aratcly observ^cd. 

Besides tlie absorption in the visible region followed by a coiitiinmm, 
bromine shows a strong continuous absorption between 3000 and J560A with a 
inaxiiimni at al)out 2250A (Cordesand Sponer (1930) Aickin and Bayliss, 1938).^ 
This contiiuuim is cxi)lained in Paper IV as due to a transition from the 
ground slate to a steep repulsive slate irr,, n;;, a'i 1^ dissociating 

into two “Pi bromine atoms. The liansitions of the hvo main systems in 
the visible region logelhcT wuth the iiioleculai constants are given in Talile IL 

(3) CliIo}i}ic Chlorine shows absorption bands only in the region 5760 
to 48C0A which are due to a transition from the ground state 563, 
1) = 2.47 e.v.) to Ut; ( ’ftob) state at 17713 cm”^ with a vibrational frequency 

It 

of 2(11 cm~^ and D, =.3y c.v, (Sponer). These absoriHiou bands have a 
convergence limit at 4785A which is followed by a continuous absorption 
having a maxiinnm at 3300A (Finkelnburg). This maximum is probably 
due to a transition from the ground to the repulsive state 1« (’ n „). Besi(le.s 
the strong maximum, Aickin and Bayliss have indicated the jtrobablc presence 
of an extremely weak maximum at 42.S0A in the continuous absorption. If 
it is real, the secondary maximum is probably thie to a transition frrmi Ibc 
grAvnd state to The secondary maximum may also be due to a 

transition from the ground state to the repulsive part of OJ, In fact 

U 

what is said about the continuous absorption following the visible absorjitiou 
bands of bromine will hold good for chlorine, i.c., from the potential energy 
diagrams of chlorine we expect continuous maxima clue to transitions from 
the ground state to lu(^JIi„), to the repulsive part of (*1I„.) to 
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I ^ (’‘A, J and U) 1 (*n J in the re^if^n ;]<Soo-3oouA in vvhicli region a vstrong 

('ontimnnis ahrsorjition is nbserved. lYohably it may not l)e easily possible to 
resolve these maxima. 

Bc'Sitles tile abhor|)tion bands followed by continnons abs(lt*]jtion already 
staled, chlorine shows a continuuni below IQ50A extending into the vacuum 
region. Tliis crmlinnons alisorption similar to the corresponding absorption 
in biomiiie is due tn a transition from llie ground slate to a repulsive state 
( '2,*;), dissociating into two *P, chlorine attnns. 

(Cl K c T R ON I (' C O N 1‘ 1 (i V R A T 1 () K A N D H N Iv R O Y 
L n: V n t, s o i h a t, o o k n at o l e c tt r e s 

'J'he contignralion of all the halogen molecules can be repiescnted |)y the 
10 oilier electrons of the )ip sliell as (n (Tr^^np)' where /z'is, 3, 

•1, and 5 for F2, CI2, br.T and lesiJcctivcly. This conriguiatioii givis the 
term which is to be correlated with of case (c) type and which 
ret)resents the ground state of all the halogen molecules. Leaving oijf np 
which is common the ground stale of the halogen molecules can also 
be generally leijresented as rj, 77J, (^ 2 ,,,). The various excited 

states are then obtained by suitable excitation of the inner electrems. 'i'hus 
by removing one t:,, electron lo the next state ir„ of the same slieMl we gei 
two migerade terms Ml and ' II which undei case (c) type ot coupling 
Tesolve into one ( 1 ) and four (f) , ( C", 2) terms res[)eclively . Similarly by 
the excitation of an electron in and (r,, states various (^tlicr terms are 
obtained. The naluie ami properties of these terms and their ])rol)able 
pruducis ol dissociation arrived at in the light of the observed exj)crimenlal 
data are contained in Table 111. The data regarding the observed stable states 
in the tliiec molecules are included in Table IV. 

Table III shows Ihe electronic term scheme of halogen molecules. The 
electronic configurations, the electronic terms and their dissociation inoducls, 
mean vertical energies estimated by Miillikcn for I o and those estimated on 
similar lilies for Bio and CI2 and the mean veilical energies obtained from 
ex])ei iineiital data are given. The estimated mean vertical eiicigies for T.2, 
Br2, and Cl. >. however rough they may be, wili indicate in a right way the 
natiue of all electronic stales (except that of dissociating into two 

atoms which is repulsive in CI2 and slightly stable in Bi ^ and 1 2 and 

2 

whicli will be expected from the esliiuated energies to he repulsive in all the 
three luolecnles). For examide, if the mean estimated vertical eiicrt;y fa' a 
state is less than the* ejicr^y of the dissociation' inodiicts into whitdi the 
particular state dissociates, we can say that the state will be stable; and if 
it is greater the state will be repulsive. This criterion is often cxi.ei iiuen tally 
available. Theoretically, another factor which counts in the nature of the 
relative .stability of electronic states is the relative number of the so-called 
bonding (.(r,,, -„) and antibondiiig (fr„, ff„) electrons, i.e., of the two possible 
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Table IV 

Stable Klectrouic States of Halogens Occurting in Emission of Diffuse or Fluctuation Bands 
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slatfs llic one liaving tlic j^rcaler number of bonding electrons will be the 
more stnlde. The conception of stability on the pair-bond theory also leads 
to simiiiu results. 

From experimcntjil data it is observed that the repulsive nature of most 
of tile unstable states increases from I2 to CI21 the relative change being, 
however, great for the states dissociating into atoms. Table V 

indicates the average energy of the unstable states and of the dissociation 
products into which the unstable .states di.ssociate. The difference in energy 
indicates the repulsive nature of the .states. 

All tlie unstable states dissociate into -s “Ps + ^P,, ‘-’P. + ^Pj, 

\i "J 2 2 2 

atoms. Tl)c onert^y oi the iiioleciilar teims iucrtascs from lo to CI2-, The 
energy of tlie (lissocialioii products “Pj H decreases from hj to Cl^j and 
that of ®P 7 + ®P, is piactically the same for tlie three molecules. Tliciefore 
it is natural to expect the rei>iilsive nature to increase from I2 to Cl.2,1^ the 
relative chan;;e beiu,£4 to some extent greater for the states dissociating ^jnto 
“Pj + ^p^ atoms. As staled above, this is what \^e oliservc from the expWi- 
mental results* The encr.^y of the dissociation products '^P^-r ®Pp, however, 
increases from la to Cbj as does also the encr;.;y of the molecular terms. 
Hence large variations in the reimlsive nature of the curves in the three 
molecules here is not expected. But, however, there is a slight increase in the 
repulsive nature from I2 to Cl 2 w hich is due to the reason that the increase 
in the molecular energy from 1 2 to Clo is slightly greater than th^ increase in 
the energy of dissociation products from I2 to CI2. 

nothb jm)r tahI/K hi 

Column 7 shows the various electronic c(jnrjgurali‘)ns of the halogen molecules in lenus 
of the ten outer electrons uhieli are of tip shell, cr^ represeuts an electron that has gone to 
(m 4 j)s sJiell, Kightli culunin shows the parit\ of the electinnic terms that can be derived 
from the respective configuration.*^. They are even tgerade) if the number of the odd 
electrons (iT„, 7r„ ) is even, whereas they are odd lungermlc) if the number of odd electrons 
is odd Ninth column gives the electronic^ term.s that can be derived from the 1 espcc live 
conliguralions, according to case (a) type coupling, and tenth column .shows the terms 
according to rase (t ) t > pe coupling, and the> aie \m ilten in a line with tho.se of case («) 
type* vsilh which Hjey should be correlated. Eleventh column shoWvS the dissociation 
products into which the electronic terms w ill dissociate, aa means np^ atoms, 

oh represents ttp^ 4 *r^) atoms and h(> represents tip* (“P^ 4 -P^) atoms, ex lepresents 
exeik d atoms or ionfi. 

The* teiui .‘'c henie here is practically the .same ns that worked out b) MiilHkcn (1934^ 
for I V, except that the follo^viiig few states are now found to have dissociation products of 
greater tiiergv than those picdicted bv IMuHiken. Ibus I,. 0 ,, dissociate 

into *Pj4 *Pj instead of + obmis ; 1.. (‘nj and 0„ V 2 :) into instead of 

atoms. It ma> be meiilioned, lowcver, that Mulliken has indicated that there 
is always a possibility that tlie state may tend to dissociate into products of more energy 
than those predicted by him, Bcvsidcs the above four slates, (r,^, v*, ff„, i,i ( 

dissociates into excited neutral atoms or ions, instead of two ®P;^ atoms (hh). Ibis also 



Spectra of the Halogens, h, Br, and CL H7 

lia.s been filreadv foreseen by IVrnllikeii . for I.. riuse tvpe compomiil ol ’2! of llu' 
Confirm atiun tt?,, niay ili>j,socfatr into t\\<> atoms at least one oi whu h nia> not 

be np'^ ’•P t\'pc in orclci to avoid erossing a similar curve l„ from tlie cuiifigmation 
O'.!. 

ilie nature of the electronic states is indicHte<l in colvinin 13. I'oiirteenlJi coliinm gives 
the names of the nulecules in which the respective states are observed 'i'hc hrst three 
columns deal with the average vertical energies of the niolecnlur terms from the expcrimetital 
data. I'or molecular terms having stable stales, the position uf the stable lev els gi\ ’■ the 
ver ticnl energies of tlie terms hor those (crins giving repulsive states, the heights of the 
repulsive i iirves vertically above the gnmnd state are taken to represent their vertical 
energies. So the vertical energies for dilferent observed terms arising ftnin a pulieiilai 
contignration, are known and their average is taken to represent the mean ixcit,ilion 
cnerg) . Tn this way the average energies arc given for the three moleeiiles in the fust 
three columns. 

I'onrlh coliiinn gives the mean energv' values fnr rstimnled b> Arnlliken by taking 
that the excitatum encrg> for tt,,— > or., as i volts, (t„ ^ >(r„ as h.j, and ir„ ' >7r, as 0 7 volts. 
2.1 volts was based on the visible absorption bands, 6.1 was a rough value based on the 
bauds in the cjuarl/ ultraviolet region and 0.7 was a guess Following similar lines the 
inenn energies have been estimated for Tlr„ and Clj in fifth and sixth (a)hinms. Poi Ur,^ 
the energv for •n ,, — is 2.2, is 6.5 and 7r,.—>7rj, is .8 and fur Cl, tt,,— >» r„ ^ j./j, 

(r,j — ;^rr„ = 7.2 and n,. — >Tr , is 0 (j. Tiie Values for tt,, — >( j „ are based on visible absorption 
bauds, fr„“”>fr„ based on the position of the level tr.,, ttJ, ttJ, 1„ (, ‘2,', 1 and 
value is a gne.ss as that of 1.^. 
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THE PURIFICATION OF CARBON RODS FOR SPECTRO- 
GRAPHIC ANALYSIS BY CATHODE LAYER ARC 

By B. MUKHERJEE 

{Ri’n'ivi d loi Uan li It). it)i';) 

(J'lalc III) 

ABSTRACT Dillertiil indliods o( imiii'K-iiium ol l ailtuii ruils which can he um'iI u'' 
flcctroiles in the carlion are cathode lav'ei incllmd 'il ,s(iL'cti'oi;ra|)liic analysis have hccii 
.shulied and suitable comlitimis f M pnrdication have litcn wmked kuI, by comhitiali'ins cl 
both chemical and Ihcnnal inolhods and l>v Ihc indhod of resistance healiii):; as cnipli yed 
by tlaUerer. The degree of piirihration of (he carbon tods has always In cn studied in the 
ICi siU'Clrograph with 'i'wynian-Siineon lens airangenient bv the cathode layer method with 
an are current of ri oinp, at 2 .!o volts, 1) ('. 

1 N T k (I D t: C Till N 

In tile carbon arc cathode layer Jiietliocl of apecltogiaiiliic analysis 
devcloited by MaunkoplI and Peters (jo.^i) carbon electrodes of very high 
purity must have to be used. Tlie line spectra of iiiosl elements in the cathode 
layer are lo to loo times stronger than in the main arc gas column (Strock, 
1936). Spectrum Hues of the impurities in concentrations down to 0.0001% 
(a concentration of 0.0001% in 1 mg. is 10'“ gm.) pre.sent are clearly recorded 
in the cathode layer photograph. Pines of the impurities below this nmouiil 
also distinctly ajipcar in the region adjoining the cathode. These require- 
ments are not satisfied by the methods of purification generally followed. 

The methods of purification dcvclo|jed .so far can be classified broadly 
under two heads, viz. (i) method of chemical treatment followed by heat 
treatment and (2) method of resistance healing under heavy current. Ivaily 
investigators first tried to purify carbon rods by subjecting them to heat 
treatment either in vacuum 01 in atmo.spheres of certain gases, and later, 
chemical treatment was combined with heat treatment. 

Moissaii obtained graphite from impure carbon rods by the method 
of electric arc treatment and observed that the graphite .so obtained was purer 
the higher the temperature in the arc, Pebeau and Picon (192^) started with 
graphite containing 0. 1 lo 0.2% ash and after heating it for three hours in 
vacuum at 2000' C obtained graphite containing only 0.005% b oob% ash. 
They further observed that graphite containing snliihurous matters could not 
be purified by lieatmg il even at 2200®C, and impurities amounting to 0.185% 
persisted after this heat treatment. Heyiie (1930) tried to purify carbon rod.-, 
by beating them in an electric tute furnace at 2SOo'’C-3ooo"C in atmospheres 
of air, nitrogen and hydrogen. He obseived that even at 3ooo"C Ca, Mg, 
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'li, V and above all 11 w tie not eliminated couiiiletcly. He also found that 
the rods heated at 2(,uo C loi 15 in'^ntes in an atmosphere of Ch. were 
superior to those heated at 3ooo''C in the atmosphere of N, and Ha. Zurer 
and 'rreadwell (J935) iJuiilied paits of earbon electrodes by arcing in an 
atmosphere of nitrogen or argon containiiie 5% chlorine. The best purification 
was obtained by arcing fur 3 minutes, but ultimate lines of ]\Ig, Ca, Co and B 
Were found to be inesent in tlie S))ectrum of the arc funned between carbon rods 
thus purified. Standen and Kovach ( 1035) worked out two methods for the 
elimination of imi)urities e.xcepl Si and B. 'riie chemical treatments followed 
in the second method weie found to be satisfactory and were developed in 
the present investigation. Next Stand {103S) tried to purify carbon rods 
by lir.st treating them in acid.s and then heating in oxy-gas burner He j tried 
to remove Si by treating the carbon rods in hydrofluoric acid but the mAthod 
I)ioved a failuie. Pierce, Torres and Marshall fin, 10) tried to purify Achesou 
graphite rods by refluxing them fiusl in nitric and hydroc-liloric acids and then 
in 6M hydrochloiic acid. Craphite thus purified contained B, Si, Cu, A.'a, 
Mg and Na. 'I'lie amount of Cu, Na, Mg and Ca was, iiowever, leduced 
greatly on arcing the lods at 10 amps for 1 mimile. The spectrographic 
examiiialion of the purified carbon rods was not carried out .so far by the 
sensitive cathode layer method. 

As regards the second method, vi:.., that of resistance heating, Kussauow 
(iy34) first observeil lli.it by resistance healing the purificatiyii began at 
j;>5o''‘C and w'heii the temperature w'eiil up to even 2ooo'’C traces of Ca, Mg 
and B persisted, allowing the niaxiimim time of heating to be 3 minutes. 
Prenss (lyjs) developed the mtlliud of passing cuirents of iSoA-zooA tbrough 
carbon rods 35 em. in length and 5 mm. in diamete’’ placed in vertical 
liositioii. Traces of impnrities of Ca, Mg, Ti, Al, Fc, Si. B and Ba were 
still found lo be present, (ialtcrer (lO-ii) ))a.ssed cnireuts of 300-320.^ 
niaximuin at 70 volls for 30-bo seconds through carhoii rods i.| cm. in length 
and 6 mm. in diameter, held between graphite blocks by a spring arrangement 
to allow free cximnsiou. b'or uniform liciling a weak current of air was 
blown during healing. The maximum tcniperalnre attained was about 
3000OC bul still traces of B, Cu, INIg, Ca, Ti and V Were present in tbe 
purified product, Hoogland {1946' jiassed still higher current c.g., 400-650A 
muxiinuin at 30-bu V for 15-60 .seconds through carbon rods held horizontally 
with proper arrangement for Iree exiiansion. The main advantage of the 
liori/.oiital position of the carbon rod was that in the direction of the length 
the rod not being irregularly healed, the extra cooling by the ciirreul of air 
as used by (latlerer was avoided. The main disadvantage during heating w'as 
that the long carbon lod (200 mm. in length, 7 mm. in diameter) which 
became soft at high temperature attained sagged a little. Starting with 
" Siemens- Plania vSu])erbio Negative Homogen Kohle " carbon the best product 
was obtained with a niaximuin current of 650A passed for 60 secs. The 
purified carbon rods were analysed in the Hilger-Fully spectrograph by the 
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cathode layer method with a currciit of 5.5A and a separation between the 
electrodes of 5 jnin. in the region 2^50 A ^-3 ()OoA and liis results of analysis 
are given in Table i». 'rroinbc, I'ocx and Bardet (10-4.S) obtained carbon rods 
of very high purity by the method of resistance lieating with a oiUTcnl of 
600A maxiniuin (temperalure nuiximuin .^n5o''C; passed through carbon rods 
(length 300 inm. diameter 8 mm.) for 5 minutes in the atm(^splicrc nf nitrogen, 
hydrogen and also air in a specially coiivStiitcled chambei. But the method 
of analysis of the purified carbon rods was not the sensitive cathode layei 
method* h'he light of the arc was photographed in the Ililger large dis- 
persion quartz spcctiograph for j miiu, the arc fuiutioning between carbon 
electrodes placed horizontally at 12 amps., p* volts. 

d'he object of the present investigation was to make an alleinpt to develop 
a method coinliining clicniiral Ucntnieni with heat’ treatment for the purification 
of carbon rods and to examine iis purity by the cathode layer method. It 
was further intended to investigate under what conditions the method of 
resistance heating give the best results. 

I< X P U R 1 M n N T A h 

(A) ( liciiiii'dl Diclluul coRibincd 7 piih hccil lu'uluicni 

In the present investigation * Kiiio-Ibaiiogcn ((lermany) t'aibon rods 
W'erc used as the starting material Tlie spertiuin of tlie im[wirities in a 
heavily cxi)osecl cathode layer j>hotograpl) in ihe region 2500;^ 
the carbon electrodes under a cm lent ol 11 an][)S. at 220 \ levealed the 
presence of the following impurities: be, B, .Si, Lu, Ni, li, Al, Mg, Na, 
Ca, Mn ill large amounts and Ag, V, Zn, Bi, Cd, 8>n, ( *a, Pb, f 1, As, K and 
Co in small traces. (See Plate III). 

The carbon rods were cacli 20 cm. in length and 7 mm. in diameter. 
Kacli was cut into tlnee pieces and loo such ])ieccs wcie Iioiicd in 1.1 mixture 
of concentrated IICl and UNO., lor 5 horns in a flask, filled with a reflux 
condenser. The acids were then leplaced I)y fic^h (luantity and boiled for 
hours. The flask was placed over a lamp al So' C for 1 2 hours and sub- 
sequently washed l)y decantation with distilled water, fhese carbon rods 
were next boiled in pure cone. ITSC), foi 3 l^ours and placed over the lamp 
at So'C for 12 bouis. The process of washing with di.stilled water was 
repeated. Then they were boiled for i hour in litpior ammonia and placed 
over the lamp at 60^^ C for 12 hours. Subsequently the rods were washed 
with distilled water, then boiled in glacial acetic acid for 3 hours and placed 
over the lamp at 8o'T' for 12 horns. The carbon rods were washed with 
distilled water, boiled in it for 2 hours and again washed by decantation. 
Then they were heated to boiling pt. in liquor ammonia and again washed with 
distilled water. Finally the carbon rods were dried in an electrical furnace 
at ioo®C. After each heat treatment the rods were allowed to cool before 
the next oiieration. The whole chemical process and specially the glacial 
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uvctic iicicl mill j.iiix- l ojic. 1 I,S( >, trc-atniciit was very effective for iJie j)reli- 
iniiinjy puriFiaitinii , 

'J'lie i)r!ii( ij)le of till- next tlieiiiial licatiiieiit was to remove the easily 
volatile eompoiimis in tlie eliemieally Heated earhon rods by Iiigh temperature 
lieat (reatnient. Some of the carbon rods were next placed on a silica dish 
which was healed to redness in oxy-acetylene flame for 30 seconds. The 
flame was then allowed to play on the rods from all sides for 30 seconds. 
'J'he carbon rods first save out black smoke and then became red hot. The 
lem[).'rature as measured by an optical pyrometer was between iSoo^C- 
2ooo'’C. Sometimes it was still higher. The rods when cooled were found 
to lie used ii|i witli a surface layer of small iilack globules. 

A simple arrangement for heating these carbon rods again at high t 
pcriitiire in a current of nitrogen bubbled lluoiigh carbon tetrachloride 
made. .'\ I‘yrex glass tube witli a large biilli at the centre was used as 
iieatiug chamber. Two copper rods with airangements in each for holding 
a carbon rod horizontally at one end and for electrical connections at the other 
were used as electrode holders. The copper rods were fitted within two Pyie.x 
glass tubes, each having one side tidjc for outside connections. These glass 
tubes, were fitted within the central glass lube using bored corks as sockets. 
All the leak [mints were sealed with plasticln and [lecien. The heating 
chamlier was evacuated by a Ccnco inimi» connected to a side tube. Nitrogen 
from the cylinder was bubbled through CCl, and then introduced into the 
healing chamber through the other side tube. I'wo carbon rods were taken 
nil from the silica dish and clamiied into the holders horizontally within the 
lieating chamber. They were burned as electrodes in the arc with 15 amps 
enrrent for 2 minutes. The arc gap which could be adjusted from outer 
airangeiuents was kejil small iu order to have the temperature through a 
greater length (1.-5 cm.) of the rods near the arc points very high. The 
charuber was evacuated 1iy the C. enco pump and a continuous current of 
Nrgas bubbled through CCl, was passed througli it. Due to the high 
temperature near the arc the concentration of the gas at that region was 
high. The lemperatine Hie carbon electrodes was found to fall abruptly 
at a distance of nearly 1.5 cm, from the arc gap. 

I'he beating process in the electric arc was carried out in different coudi- 
lions: («) at 15 A. iu air for 2 mins., (b) at 15 A. in vacuum for 2 mins., 
(c) at 15 A. in the current of bubbled through CCl, for 2 mins. In each 
of these condilioiis part of the carbon rods (about 1.5 cm. at the ends) of 
high purity were obtained. 'I'he iiest products were obtained in the current 
of Nj bubbled througli C'Ll,. Due to the heat treatment for one minute in 
oxy-acetyleiie flame the diameter of the carbon rod was reduced from 7 nun. to 
5.3 mm. and the surface layers weic found to be in a very porous condition. 
The heat treatment iu oxy-acetylene flame (temperature nearly 20oo°C) 
reduced the impurities throughout the carbon rods and in two minutes arcing 
the impurities from the part of the carbon rods were greatly reduced. 
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T.\m,K ] 

/«, f analysis of the purified carbon rods Iry tlie cathode layer method 

(Plate III, 2). Arc current it A at 220 v.(d.c.) 


Element 

Sensitive line 
* A in I. A” 1 

j 

Tiitensily 


1 Present 

( 

1 

B 

3497* 72 

2496- So 1 



Almost entire amount 

Si 

iSi6. 12 ! 

3881. 59 I 

4- 


Considernl>le traces 

Mg 

3795- 54 i 

2802. 71 1 

' 2852. 12 1 

— ^0 


Faint traces 

Mn 

3794* 82 

2798. 27 1 

2801. 08 1 

0 


None 

Ti 

jo«8. 03 ! 

337t- 

3354.63 1 


1 

None to faint traces 

AI 

30S2. 16 ; 

3093. 71 



Faint traces 

Ca 

3158. 88 ' 

317Q 3-1 

— >0^ 


None to faint traces 

C'u 

3247. 54 

3273 96 

( + ) 


Traces 

Na 

3302. 34 

3302- 94 

0 


None 

V' 

3183. 42 1 

3183. g6 ] 

(1 


None 

I'V 

3020. 64 

3021. 07 

1 

{ + ) 


Small traces 


(* Wave lengths of the elements according to the tabic of H. Kayscr and R. Rilschl.) 

+ + = strong line; + ~ medium line; (+) = faint line; 

-->0 “ extremely faint line, a faint point at the base with a faint prolongation, 
-^0^-* = None to faint point at the base of the cathode layer ; os= undetectable^ 


ZiO¥ 



ft£iAY 


^ a 


CHOK£ TO UMtr 
CtM^eMT T0OOS 





Fig. I 


The final products were analysed by the cathode layer method using a 
Hilger Bi quartz spectrograph of very suitable dispersion. An electric supply 
6— 1630P— 3 
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up to isA. at 220 V. (D C.) toRcther with tapped resistance and an ammeter 
to control the current through the arc was used. In order to produce an 
image of the cathode layer effect on the spectrographic plate the lens arrange- 
ment of Twynian and Simeon (ryegj was found very satisfactory. The arc 
was focussed sharply with a (prarlz condensing lens (F. 27S, Adam Hilger) 
over a screen in which Iheie was au adjustalde circular diaphragm. The 
diaphragm was adjusted so tliat it allowed to pass only the edge of the cathode 
(negative crater) and the overlying arc column, an opening of about 

/} 5 mm. The light image of the illuminated opening was again focussed and 
enlarged by another spherical quartz condeiivSing lens (F. 17, Adam Hilger) 
on the slit of the spectrograph. During an exposure the arc gap vva^ best 
controlled l)y means of an enlarged image thrown at right angles to the former 
arrangement over a graduated screen by another condensing lens. Vl'he 
catliodc’ image was lield just on th:* edge of the circular aperture and miy 
slight lack of alignmeiil was adjusted liy the position of tlie image of bli^th 
cathode and anode on the graduated screen, h'or the purpose of analysis the 
arc of the i)urified carbon rods was drawn at n A, separation between electrodes 
being 8 mm. Wiili the spectrum of the purified carbon an iron spectrum was 
lakon below which served as a reference wavelength scale. The spectrum 
jiliotograph was studied under a “ Compaiator " for the identity of all the 
lines in the carbon spectrum wdth the help of Allas De Si>ectres D’x^rc " 
of J. Bardet. ' 

All other impurities originally jircsent in the starting material were ab.senl 
ill the final jiroduct. As tlie method of analysis of the previous investigators 
v\^as not the .same the results were not compared. 


/k Method 0} Kcsislancc Heating. 

Gatterer's method in a slightly modified form was employed iu the present 
investigation for purifying carlion rods by resistance heating. It was not possible 
to copy the apparatus used by Gattcrev and Hoogland in this laboratory. Figure 
T shows the arrangement used for resistance heating. The type of holder used 
though very Simple was found to be inconvenient for higher currents. 

Two copper blocks were drihed in the middle in order to make a hole whose 
diameter was .slightly less tlnni that of the carbon rod. Both of the blocks were 
cut into two halves through the centres of the holes. On each block the two halves 
could be screwed lightly in order to clamp the end of the carbon rod into the 
hole. On one side of each block, there was an arrangement for connection to the 
lids of the secondary terminals of the transformer. There was no extra spring 
arrangement for free expansion and contraction during the process of heating. 
The blocks \Ycre light and could slide freely over a smooth plain surface of mica 
sheet. Chemically treated carbon rod (by the method given before) of 95 mm- 
length, 7 mm. in diameter was clamped horizontally on both ends into the holes 
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of the blocks. At both the cuds only 5 nun. of the carbon rod was introduced 
into the holes. Tlie carbon rod was heated by allowiiiji the curreul of 551) amps, 
maximum to pass through tlie rod from the transformer, Die current bcinn limited 
by a choke in the circuit (inimary voltage eeo V. secondary voltage a,] V). 'I'he 
contacts between the rod and the blocks and the electrical connections to the 
blocks were sufficiently good enough (o minimise the high Iransitirni resistances. 

As the relay was started, during the lirsl 5 se-vs only black \'apour came out 
from the surface of the carbon rod. Suddenly the rod began to glow, the tem- 
perature being nearly 1200 C. 'l‘he brightness of the glow increased very rapidly 
and the temperature went up to iSoo' C within to secs. At about 30 secs, the 
glow was vei'y intense when the temperature went higher than the maximum 
temperature range of the optical pyrometer u.sed (i.r., higher than 2ooo‘'C) and 
carbon flames (named by Gatterer) appeared in the laight glow. vSuddenly at 
about 50 secs, the circuit was broken with the formation of an arc at one end. 
The metal block was found to be melted at the end. The copper blocks must 
have to be rej-daced by graphite blocks or there should be an arrangement for 
cooling the blocks during heal treatment. 

This resistance healed carbon rod when cooled, was found to be coveied on 
the surface with loose black globules. Probably due to oxidation the surfiices 
were used up, which could be avoided, as found in the method (A) il the heating 
by the passage of current was earned out in the current of nitrogen bubliled 
through CC 1 |. The lengths of the caiboii rotlused being small, thesag (as found 
by Hooglandl due to high temiierature attained during heating wa.s small. 

The resistance heated carbon rod was cut into two equal halves and then used 
as electrodes in a current of iiA at 220 V with a separation of 8 mm. between 
them. The light of the cathode layer arc was then analysed in the spcctrograiih 
with the lens arrangement as Ixiore. During an exposure when the negative 
crater (cathode) was adjusted just below the edge of the circular diaphragm 
ultimate lines of Fe and Si \vere recorded as faint dots at the origin of the cathode 
layer. But when the cathode was placed just touching the edge of the diaphragm 
these faint dots were not present at all (Plate 3a and 3b). Thus the faint traces 
of Fe and Si present were undetectable. By visual inspection under the compara- 
tor the percentage of Bin this carbon was found to be slightly less than that 
present in the carbon purified by the previous method, but the percentage of Cu 
present was greater. During analysis the time of exposure was always 60 secs, 
the current was 11 A and the separation between the carbon electrodes was 8 mni. 
Ilford (H. & 1 ). 100) plates and metol hydroquinone developer were always 
used, the times of development and fixation were 2.5 minutes and 10 minutes 
respectively at iS^O. Due to a consistent operating technique, the same rocking 
arrangements during development and the use of fresh developing solution for 
each plate, spectrum plates of almost identical character were obtained. 

In the purification by this method of resistance heating il was fovmd that the 
carbon rods with preliminai’y chemical treatment were better purified (as given 
in Table 2) than the rods without any chemical treatment. 
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Tabus H 

Results of analysis of the purified carbon rods Resistance heated for 50 secs, 
with i ,„„i = 55 oA), Arc current 11 A. 


KIcmeat 

Sensitive line 

A in i.A*^ 

Intensity 

1 

1 

Hoogla lid’s results 
/iniix = 650 A. Arc 
current 5.5 A, Time 
of heating 6n secs. 

B 

2497. 7- 

2496. Ko 

+ If 

-1’ 

Si 

2516. T2 

2881. 5y 

— >0^ — 

^ i ■ 

1 

Mg 

2795- 54 

2802. 71 

2852. 12 

— >0 

• . 

Mn 

2794. 82 

2798. 27 

2801 n8 

0 

\ 

Ti 1 

' .^c.SS, u3 

557*. ^15 

55.S1. ^3 


? 

A1 

3082. 16 

3002. 71 


? 

Ca 1 

3t5«* SS 

3^79- 3^ 


(4A 

Cu 

3247- 54 

3273- 9b 

-h 

? 

Nj 

35^J2. 34 

53 <^ 2 . t ;4 

0 


1 

3J83. 42 

31^3. 9b 

-- 


i\- i 

302N. 64 

3021. 07 

^0 

-r 


Symbols in column .s are explained as : 

+ -f - almost entire amount ; + ’ considerable traces ; 

o = absent ; — faint traces ; 

— >0^ — none to faint traces. 

According to Hooglatid the symbtds in column 4 .arc given as : 

“f- - preseni*^ ? = presence uncertain ; 

■ • absent; (H) - just barely oUserv able. 

In the analysis ot the purified carbon rods by the cathode layer method while 
Hoogland (1946) used a current of 5.5 amps., the author used it amps, current, 
because the spectrographic analysis is usually carried out at 9 to ii amps, 
curreui. 
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1) I C 11 fi S I O N 

1 lie method of chemical treatment conjuj^ated with heat iriatnieiit tried in the 
present investigation in oxy^acctyleiie flame and m 15 amjis. arc in the atmosphere 
of N2“Cl2 niixt. is recommended for the purification of carbon rods in a labora- 
tory. The presence of No and Cl^ givc^ luoie volatile coiui)oiinds than the 
oxides. Boron usually forims very non-volatile compounds. As to the properties 
of the purified carbon rods, they can easily Ik* made into propel shajic with new 
liigh speed steel machine tools and give steady arc without much flickering, when 
used as supporting electrodes for spectrographic analysis. 

As regards the method of resistance heating, better purification is expected 
with higher currents jiassed liirough the car))on rod for longer times (3 mins, or 
more) in the atmosphere of N\. and Ck. Deinum (1046) lound that 1 „.fu “ 650 A 
was the limiting value up to which the carbon rod (jo cm. lengtli, diameter 7 
inniA could be heated and that the axial tcmperaluie attained must l>e of the 
order of 3500®C. Hoogland (1046) found that all carbon lods broke at i dux — 
650 A and that a cavity was formed in the middle ol the rod, llie ' central canal * 
which indicated that carbon was sublimated in tlie coie ol the rod due to high 
vapour piessure in the ceiitit. In order to study these points the simple arrange- 
ment used in the [ireseiit investigation is inadequate lor reasons slated hefoic. 

Iv \ r L A N A T I O N < > J ' V L A T 1C 1 I I 

Cathode layer spectrum at ii A, (d. e.) of llic 

No. I. Impure ‘ Kiiio-Ilomogeii ’ carbon rod.s. 

” Purifitxl carbon lods by the method (Ao 

” 3. Purified carbon rods by the iiictliod of ixsislaiici hcatiin*. (aictliod Iil. 

(a) when the ealhodc is adjusted juM below (he edge ol the ciiiaihii dia|jlnagni. 

' (hi when the ealhode is adjusted just tnuehing the edg( ol the diaphiagm. 

In the photograph attached the cathode layci spi-elruin of the enibon I ods is loimd lu be 
inverted which is not actually the case ill the 01 iginal negative plate. In each plalt^ the null 

spectTUiii is shifted due to the movement of the plate laddei . Lines of the ekmeiils winch show 
the “ Glimiiisdiicht ” or cathode laycrellect arc wcdge-shapeil with maximum intensity at the 
base of the eatliude layer. Por hotou the effect is .scarcely apparent. The Iwu.doiiblel lines of 
n (2497.72, 2496.80) approach ecjual intensity over the eutiic height of the spcttruui, 
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SECOND, ORDER CHLORINE K-VALENCE BAND SPECTRA 

OF CHLORIDES 

By K. das GUPFA^ 


{Received foe publicalioii. June .10, 11) ly) 


(Plate rV) 

ABSTRACT. Chlorine K-valencc baml .spectra ( 3 p- >l.s) in the second order i.e , in 
the region of 9 A. U. were .studied h.v a concave (gypsutii crystal) .specfrogi npli for (he 
alkali<hloridc.s, alkalinc-eartli chlorides, CdCl.», ZnCl.^, CuCl2, Ag(’l etc. The re.sijlviiig 
power is about aX. U. per mm. or 1.0 e.v. per inui. on the photometer records. The energy 
difference.s of ‘3p' emis.sioii structnre.s from the chlorine K-ahsorplion edge of (he corres- 
ponding chloride obtained from Stelling's data have been calcnlated lor various chlorides 
and the differences arc found to agre<' n ell with (he uUra-violet absoiptiiui bands obtained 
by Pohl and Tlilsch for (he cnnesi)onding cldorides As (o the origin of ultra-violet 
absorption bands in various chlorides, ;i new explanation has been offered and (hat put 
forward by You Tlippel has lici'ii critici.sed. The 3 p binid w'idths of vaiif)ns chlornUs have 
been e.stiinated and are related to the ratio of ionic diameters of the constituent elements 
of the chlorides. The experimental results obtained are better explained Iw (he band scheme 
due to Bloch than by atomic model due to Ileitler-London. 

I N T R ( ) T) IT C T r ( ) N 

In the first paper (K. Das Gupta, ig,!|6) of the series, :in account of the 
soft X-ray absorption and emission spectra of Mg, Al, Si and their oxides 
has been given. In the present paper, .second order emission spectra of 
chlorine from LiCI, NaCl, KCl, RbCl, CsCl ; CaCIo, SrC'l2, BaClo ; CdCIs, 
ZnCla, CUCI2, AgCl in the region of about g A. U. have been described. 

Chlorine L2»3 spectra ( 3 , ls-“^ 2 p, p being doublet) have been studied by 
Siegbahn and Magnusson, O’Bryan and Skinner (1940). They have 
found that 1,2,3 lines of these chlorides viz., and / lines are accompanied 
by other two lines ij' and I' in the neighbourhood. The intensities of tf and I’ 
are found to be different for various chlorides but the voltage difference 
between them (V and I') is the same as that found for »; and / '.Jis., 1.6 volts. 
There is no doubt as to the presence of other satellites on both .sides of the main 
lines for which no satisfactory explanation has been offered. O’Bryan and 
Skinner suggest that of the two groups (>i, I and tf, l>) the strongest 
pair t), I are from ionic chlorine centres, while the other which is relatively 
displaced to the shorter region are from ‘ neutral atomic centres ’ of chlorine 
in the lattice. It has, however, been observed by O’Bryan and ISkinncr 
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that the third order 1,2,3 spectrum of chlorine in LiCl consist of two bands 
only and of Cl in CsCl taken l:>y Siegbahn and Magnusson consists of 
two bands with a very faint band neai about the middle. The absence of 
weak band in CsCl has been ignored in the ' neutral atomic hypothesis ' of 
Skinner and in the cascM)f LiCl the absence of satellites has been attributed 
to the lack of resolution due to the greater breadth of lines. 

The K level in compounds is very much sharper than that of the valence 
band and thus the strucliire of Iv band (3p — ^Is) gives us a direct measure 
of the influence of the lattice on the energy 1j>rcadth of 3p level. O’Bryan 
and vSkiuuer have rlravvn some '3s’ bands of Cl from La, 3 spectra (3s— >2p) 
assuming that the breadth of the levels 2p is small compared to that 3s. 
Our experimental results throw some new light on Cl K-valence spdetra 
f3i)-ls) and in the case of 3p hand one is more justified to neglect the wWth 
of Is level due to chemical binding. ^ 

'riie energy dilTerenccs of 3p emission structure from the Cl K-absorptipn 
edge r)t tile corresjionding cliloride obtained from Stelling’s data have been 
calcnlaled lor NaCl, RCl, RbCl, CsCl, CaClo, HaC]^, CuCly, AgCl and it is 
very interesling to note tliat the differences are ff>und to agree well with the 
ultr.i-violel alisoiiilion bands obtained by Polil and Hilscli for the correS' 
lionding chloi ideh, 

Sluter and Sdiockley (19,^6) have theoretically calculated the total breadth 
of Cl 3p band of NaCl which comes out about 4.5 e.v. for which exi>eri- 
meiitally oliserved data are not available. The presenl- exi)crimental data on 
the chlorides give 3p band width and it has been found that the observed 3p 
band widtli of Cl in NaCd is (1.5 volts, icsolving i)ower in this region being 
T e.v. pci mm. More act'urate experiments in third order si^ectra, with better 
resolution are necessary to measure accurately the 3p band width. It has 
been found that the structure of all alkali chlorides are similar while it is 
difl'ereiit from those of alkalinc'Carth chlorides. For alkaline-earth clilorides, 
however, 3p band spectra are similar amongst themselves. 

n: xvv.RiM p: n t a p r k s tt i, t vS and t l c it n i q u u 

In the previous paper (K. Das Gupta, loc.cit,) the experimental details 
have been given. It must be mentioned here that the emission spectra taken by 
direct excitation by electron impact are not satisfactory. It has been found that 
the effect of a particular metal forming the anti-cathode target on the investi- 
gating sample can be practically avoided, but still the electrons from the fila- 
ment strike the substance causing some undcsiralde change. Most of the alkali- 
chlorides liecome colouied green, blue, violet etc., due to the electron impact 
in the X-ray tube, tlie colour is also formed by X-ray irradiation. Secondary 
fluorescence method has just been adopted to study the emission spectra of 
chlorides in the second order, that is in the region of about g A. U, to avoid 
electron impact. For .some less stable chlorides it is very difficult to maintain 
the order of vacuum of the spectrograph, as the electron impact under the 
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expcriiiie'iital conditions cause some uducUun of the saniple and Cl gas comes 
out. In such cases there is always a discliargc current in the tube and the 
rale of suction of the pump, as well as, llie cooling of the antic alhode had to 
be increased \o minimise the discharge. The blackening oi the film due to 
exposure to the discharge glow was avoided by using a very thin aluminium 

Tabi.k 1 


K- Valence Band Spectra of Chlorine in Clilorides 
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foil screen. To study llie effect of mclal target on the Cl spectra, NaCl was 
pressed on copper target and silver target successively and there was no 
detectable change of Cl 3p band structure. 

n E N K R A Iv IN T E R I' R E T A T I O N O I' R U S V L T S 

or K-valenct band spectra of Cl give a direct measure of the influence 
of the lattice on the energy breadth of 3p level, neglecting the breadth of 
Is of Cl in chlorides. Plate IV shows original niicrophotometer records and 
in Table I, wavelengths of K/3 band of various chlorides have been given. 

Ill LiCl, the peaks of the two bands A| and A ; are se])nKited by 5.7 e.v. 
and the stronger one is on the lower energy side. Intensities of the two 
bands are approximately of the same order of magnitude. If we assume the 
stronger one (low energy part) to be due to Cl ion, the other must be 

7— 3 
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assumed, according.; lo O'liryan and Skinner, lo have emitted from neutral Cl. 
The cjnestinn of relative intensity between the bands raises a serious doubt 
whether in Diese ionic crystals, perceiila^^e of neiitial chlorine can be so large. 

In NaC'l, beginning from tlie low energy jjart of the s[>ectriim, of tlie 
tliixe haijvls the first r/\ A| is the stri)nge\st while the last one is distinctly 
Weaker than tlie iniddh' one. In NaCl spectrum, the energy difference 
))etueen the two extiLine bands is almost the same as found for the tw^o bands 
for Cl in IfCi- 1 ] we ex]>liiiii the origin of the band on the sliort wave side 
due {') neiilral C.’l ('eiiljas we are faced withdifficultytoexplainilieinler- 
II led late !>and , 

'The stria ture of K hand of Cd in KCl is similar to that found for N;i|Cl- 
In Cst'I, wl]i('h is bodv centred cube, the number (»f bands is the same as found 
foi XaC'I and KCl with the dilTereiice that the band having shorle.'.t w’aW- 
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length is stronger than the middle one. 'J'he main i)oint of similarit3^ in Cl 

spectra of alkali lialides is that tlie spectra l:)egin for each f)f them walh 
the strongest band on tlie long wavclenglli side and its wavelength in chlorides 
in the .same periodic coin inn is almost the same. The wavelength and 
intensity of the remaining band in each spectra differ. It means that the 
influence of the lattice is much more fell by tlie outer portion of the 3 ]) level 
wdiile the energy value of the deepest part of' the valency level remains less 
affected. 

Ca, Sr and Ba are in the same column of the Periodic Table, having same 
cryr-lal sducture for their • chlorides and their spectra are similar. This is 
also the case with Cd and Zu. In the case of CdClo and ZnCla, the Kd' 
spectra of Cl arc similar, but they are different from those of alkali-clilorides 
and alkaline-earth clilorides. Tims different groups of elements have 
different structure of K'band but the structure for the chlorides of elements 
^ in the same column and having same crystal structure are similar. 

It has been found that within 5-10 minutes the alkali halides become 
coloured green, blue, violet under electron impact in the existing condition 
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of tfiu Cl in the foiat or,s;as ronies out of aiul .stoicliionietric 

excess of alkali luctnls thus [)nMliicc<l is resjiorisihle for the deveh)[nncul of 
colour. Similar colour can l>c developed if tlic i»articnlar lialidc l»e heated 
for a sufficient time in presence of the cen icsponditpe alkali \‘apour 

The widths of chloiine Kd hand of ch’oi ides^ liave been calculated and 
in l‘al)le in, the values a'^ aeannsl the ratiO', of ionic diainelers Cl"'/T\' are 
.eiven. Jt \vill be seen that as the ratio of lonic vbaineteis incieasis. Ilie width 
of Cl Kd hand alsc^ increases. When the ladii of the nielal ion arc lai\ee, the 
halide i(ms are pushed faithu ajjart ami llie\ owrlap less willi each othei , the 

i T\mj 11 

Soft X-ray k-Ahsorption and lanisSioii Sj^eidia and rUra-violet Absorption 
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width dq.uudiiig on Ihu aim, mil ul ovcriapi-ing • mu 

api.lies to the oxide and flnoruk' band widths obtained l,y SU.n.a. . In a kabm- 
oal-th chlondcs tho width of K band is g.cato. co.npaicd to aH-h-c doncks 

fot the same value of the ratio of ionic diainctcis, shoeing theveby t ha the 

overlapping does not depend only on the ratio of the ionic diameters but also 
on the arrangements of the atoms in the crystal. 

'fahlc II Shows that the nltra-viukl absorption bamls ot vaiimis cbloruie.s 
can be indirectly obtained, if we know ncctiralely ibe k-absorp ton e< ge ol 
ei in dilTerent chlorides, the latter lieiug taken by Steilmg. 11 we calculate 
.1 H-fforMic'*o'thcpeakAiandoftlupeak A,, ,f Cl emission spectra 

e Cl K-absorpthm edge of me corresponding Cdonde. we 
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gut ihu values oI the two ultra-violut absorption bauds* The energy difference 
belweciJ Aj and peaks of Cl spectra in a chloride agrees well with the 
(liflerenee between the fust and second ultra-violet abc^orption bands of the 
corrcsj)onding ehloi ide. 

An explanation as t(i the origin of Cl K/i six*ctra in various cliloride is 
jait forward In solid physics, mainly there are tv\o schemes, the Heiiler- 
Ivondon scheme, in winch the solid is ])ictured as lacing made up of separate 
atoms or ions whic)} iuiei act with each other* The second is due to Bloch 
in which the electrons in the outermost shell of the atoms concerned are nut 
suj>posed to he bound to theii individual atoms, but are supposed to be free 
to move through the lattice. This is known as the collective electron inodcjl. 

In an atomic picture, the eight valence electrons per unit cell of ahe 
alkali-halidt s completely occupy the outer ‘s' and 'j)’ shells of the negative 
ions. In the band sthcine, the same electrons occupy four zoncsr one \of 
which connect with the icmic ‘s’ level and the thiee others of which cenneijt 
with ionic le\'el. Fig. i ilkisliales the manner in which the ionic 



Scheiimtic repicseiilalion of the manner in which the ionic levels of the Constituents of 
ionic crystals break into the bands in the baiui approximation. At A the s and p 
bands of the negative ions are separate, whereas at U they overlap. 

level broaden into bands of the zone theory, as the ions are brought together. 
The levels of the negative ions are deiiressed and those of the positive ions 
are raised because of the Madelung field. In addition, the levels break into 
bands when ions begin to overlap. At the observed lattice distance of NaCl, 
the ‘s’ and ‘p’ bands are separated from one another and from tlie higher 
unfilled band which connects with the lowest level of the metal ion. The 
ionic level docs not split into bauds in the Heitler-London approximation but 
remains discrete, roughly following the centre of gravity of the bands. The 
chlorine *3p‘ band is superi)ositioii of 3pi and 3j)ij electrons and thus the 
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tiaiisitiou probability to vacant K level for them ai\ dilTea-nt, Thi^ k'vcs 
rise to two peaks, the longest wavelength peak of C\ spectra is due to the 
transition of electrons fiom the bottom of the valeiue 3p band having 3p, 
characteristic and the next ^.uie, on the short wave side is due to *3po' 
electrons from the lop oi the 3]) baud. The energy difl'eience between the 
two consecutive peaks beginning iroin long wave side is found to be fairly 
constant for all the alkali chlorides and is of the order of 2 e. v. In tiie band 
scheme 3])i level, as well as, 3[K2 lexel broaden into band and the width 
of 3i) band determined expei inientaily in the case of NaCl spectra is of the 
order of 0.5 e. v. Although, in the ground state the doublet sepal atiou for 
Cl atom is 0.11 e. v. only, considering both the transition proliability, as 
well as, the density of slate of 3|)i iind 3 ii .2 elections in 3]) band it is (inite 
lic)ssil)le to get two peaks at the obsevveul j volts energy difference. In 
chemical combination, both 3p] and 3po level ,ire affected and displaced 
downwards in the energy (negative) scale and it i]iiite possible that 3pi 
and 3p2 electrons arc not eciually affected when ehemieal iiombination takes 
place. This is supported hy the experimental fact that the longest jieak for 
niost of the chlorides has got nearly the same wavelength. The width of 
3p baud, which dejicnds on to what extent the elections overlap, will also be 
difl'ercnt for 3pi and Sp^ electrons. The ahsenee of two peaks having 
energy difference equal to g volts in IJCl is attributed to the overlajiping of 
3pi and Sp.^ bands, centres ol gravity of p, and p.^ band possibly i onie very 
close to each other. The width of Cl long wave band in TiCl being greater 
than 5 e. v. 

The origin of the werikesl hand having shortest wavelength may be dlie 
to electrons coming from the colour band above the 3p hand. The colour 
is formed due to stoichiometric excess of alkali metuls. The energy gap 
between the short wavelength band and the 3]) baud (pialitalively accounts 
for the green, blue, violet colours observed with different halides. 'I'o establish 
definitely this point, sample of KCl was changed at an interval of jo niiimles 
.so that Cl K/3 spectra may be taken mostly from uncoloiired .salt. From the 
inicrophotomcter record it was Seen that the weakest l)aud on short W'avc side 
has almost disappeared. 

This explanation a.s to the origin of the stnu lnrc of Cl K-valence band 
spectra i>L., from 3pi, Sjtj and the ‘colour band' electrons may also be 
extended to explain the ultra-violet absorjUion bands of chlorides. < )[ course, 
in the same apparatus, by the same expcrinienleer both the emission and 
absorption S])ectra are to he obtained, wliich work has already been under- 
taken. Von Hipjjel (19301 has calculated the position of the first aksoiqilion 
baud ill the alkali-halides 011 the a.ssumplion that an elet fron is removed from 
a halogen ion to a neighbouring iiielal ion. Tassing to the absorption band of 
shorter wavelength, attempts have been made to assign thes. to a process in 
which an electron is transferred from a halogen ion to one of the next 
nearest metalions. According to Mott and (birney (1940) there is no reason 
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why tlic electron should stay on a i)arliciilar one of these juore distant ions. 
I lieoi y pul lorward as to ilic* orif^in of llie ultra-violet ahsorption I'ands in 
('lilorides (at least) is llial eleclruns in tlie valence band, wliich is supei’])osition 
of 3pj and 3[)2 electrons, al^sorb ener^^y and jump into the first vacant band, 
which according to the /one scIruk, is the *s’ band of metal ion. In X-ray 
K absorption spectra, the absorptU'n be):;iiis at an waveleii^ih eoi res]>ondiiig 
to the trajisition ol K eU etvoiis to thc^ same vacant 's’ band of metal ion. 
hrojii a))uve explanation it is at once evident that the eiieigy diflereiice 
between p| and p^ jR’uks in Cl K-speclia will a.mee with (he eneif^y clifleiencH* 
between the first and seeoiul ultra-violet absorinion bauds. 

i 

D 1 S C IT S S J o N I 

'Idle se(Tmd order Cl K-valence band speclja with ;,;yj^siiii] cryslil is 
un nitislactcay because of p('oi lesolvin^i powci r/:., i e. \- ])er mm. \ 'I'o 
estaldish (lelinitely the theoiy pwX forwaid to explain ihe ullra^vicdet absi^jiiJ- 
lion bands in chlorides, thiid ordei .spectra in emission, as well as, in 
alisoiiHion are being taken wit h a concave mica giatini; spectrogTa])h. 'Idle 
longwave baud in LiCl has been attributed to the overlai)t)ing of 3p] and 
3 i» 2 band and the energy diflc'reuce between the peaks as (dnaiiied in oilier 
chlorides is so small in IfiCl that the peaks are not resolved by the spectxi- 
grapli. Idiis eoiiclnsion is su[)ported by the fact that amongst the alkali- 
chlorides it is only m CiCl that the two ultra-violet absorption bands are 
least separated and tile se[)aralion is 3 c. v. wdiich, aeeouliiig to the theory 
l)Ut furwaid, is the energy diffeience between 3pi and 3tnj, peaks of CiCL 
'Idle resolving ])Ower of the siiectrogi apli in tins la.gion being i c. v. pel imii. 
on the micro] diotonieter leeord. jt is cxjiccted that in llie tliird order spectra 
until better lesohdiig power some lluctuatiou c>f intensity in llie long wave 
band of Cl 111 LiCl will he oliserved. 
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QUANTUM NUMBERS, ATOMIC MASS NUMBERS AND 

ATOMIC FORCES 

By M. F. SOONAWALA ^ 

IRrd'iVt'ii lot piihliial itiil . 

ABSTRACT. By a .'-imple oxlcnsimi of (lie I'li'inc-utiirv (inantinn (lioorv, a relation is 
(Ictivcfl between Hie quaiitnni iinmi'ers of Hic orbits of particles ami llieir atomic mass 
numbers. 'I'lie lorce bctw'cen the eonstilucnl.s of a .sy.siem of ntoiitic iliiiieii.sinns is derived 
in terms of the ina.ss numbers of the const it iicnls and tlie distance helwceii them. Theic 
follows a similar derivation of the eneri^y of the sv stem. Tlie application to tlic cases of 
the liyJrogen-like atoms and the deuteron i.s considered, 

I N TU (1 n U CT I ON 

The (iiiauluin nmiibcrs arc, characterized by IbL'ir integral values, and 
so arc the atomic mass number.s. By atomic mass mniibcr \\e mean the atomic 
weight exjircssed in terms of the mass of the proton or (he neutron as the 
unit. The atomic mass numbers are known to be integers from the results 
of the experiments with the mass-specirograph ; and, therefore, they are 
taken to repre.seiit the number of protons and iientrons in tin* atomic mickiis. 

The fundamental (|uanlum relation in the elementary Bohr theory of tlie 
hydrogen atom is 

2?rniri - nh, 

where m is the mass of the electron, r the radius of the oi bit, and d the 
velocity of the electron in the orbit, n is the quanlum number, and it is an 
integer. We may expect a similar relation to liold for the electron’s partner, 
the pioton, which is also moving in a circular orbit round the common centre 
of gravity. Generalising still further, consider any two such particles, 
A and B, of atomic mass numbers dll and 71? 2 , bound togetlicr by a (ommon 
force of attraction, and revolving in circular orbits round the common centre 
of gravity. Bet 7 , and 7 2 be their distances from the centre of gravity, so 
lliat the distance between them is ti + ; and let oi be the common angular 

velocity of the two particles. Tlieir masses would be M77t] and AIoio, svlicie 
M is the mass of the proton. Then, \vc liave the following relations. 

7 )lir| =7112 7-2 (i) 

a-M/diT-ir, =2!7M7Hi7orf= » (2) 
2 rrM 7)7 2 r2 V2 = 2 -Mn) 2 w r\ = 77 2 h , ^ 3 > 
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where and wg arc the (luantuiii numbers. Substitutins in (i) from (2) and 
(3), we have 

nyh] _ n^h / . 

2'MtiDri 2;rMwr2 


Or. 


”1 

r, r2 


(5) 


which gives 


ri _ ni _ 

? 2 n 2 m 1 


( 6 ) 


Tiiis can be also expressed as 
and 


ni =suio^ 


1U2 — 1 • 


(7) 


If »!» »i2, »»ii nnd nio aie to be integers, we can see that .v can have ont^ a 
discrete set of values. These would be, (/) any integer ; (/?) a fraction equal 
to the reciprocal of any factor coniinon to i and n7 2 ; which we may call 
x/f in general ; {Hi) all numbers expressed by n 4 i//, where n is an integer. 
Thus, for example, for —20 and ^2 = 40, the values of would be, J, -j, 
h /o, 2^0i ii ^ii lit iTOi 2, 2i, 2:^, etc. We may also put it this 
way; nj and are integers because 7 Jii and 1112 are integers, iij and 42 
express the multiples of the number of protons and neutrons in the particles, 
or their niinibers in tlie equal sub-groups which they can form in the two 
particles. 

The moment of inertia of the system would be given by 


J = Mn/jr?4 M7?72r2 = 


-- (771 + 772) from (2) 

27TU) 


hs 

2 n(lt 


{mi + ma) from (7) 


The energy of the system would be given by 

= - (vii + 1112) 

4 !r 

The centrifugal force acting on A is 


and that on B is, similarly, 


rx 




( 8 ) 

(9) 

(10) 


Each of them is equal to the force of attraction, F, between A and B, and the 
two balance, holding A and B together. Therefore, 
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.2 


^--1 i'iUI + I'ta/s 
- \ n »2 


= I’ll 4 . "2 


rj‘ (. 3 ) 


_ /lU II j j- H 2 

2“ ri + C 


, from (5) 


= ill («, + « 2 )" 
■f "~J (ri + 12) 


, from (8) 


= ■*■ ”2)^ 1 

(>i + n.) (injif + iiinrS) 


2 )1 1 ffLj 

\ rj + I'o 


, from (ij 


4 ir~^M,n,ri ( Ti't r^j’ 

_ f mi+niii \ t ,,, 


- / m_i +HI2 

/(1 2 ' r 


'i'his is an expression of Die force between A and B in terms of their masses 
and the distance between them, but it cannot be called a gravitational force 
for that reason, as il only gives the centrifugal force uimn A or B. It is only 
a general expression of the force between A and B, irrespective of its nature. 
If this is known, r can be expressed as a function of i- ; i.c., it will have 
discrete values ; and it is only for these sets of values of s and the correspond- 
ing values of r that (ii) holds. 

The energy of the system would be given by 


E=iK=i 


2 _ 1 (J“)* — 1 T « 2) ® 


= iF.r = 


{iji I 4 - VI 






If A and B are spinniiifi with angular velocities ojj and and Ji and J2 are 
moments of inertia about the axes of spin, the total moment of iiiomentuin 
would be 
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jtii i + Jo 0>2 


By a simple e.xkiision of (S), iliih IjeLomes, 

{siiHx + 


where Sj aiici are itiie.eers. 
Also, 




and 


It _ • 


I tl 4 I '■> 


sn-Mmxiri 

where k is llie radius of {.lyialion alxml llie axis of sj>in. 


(13) 


(14) 


\ r r k I c A r t o n s 

(d) llic 1lydio)^c)i‘'iihc Alow 

This consists of a iindeus of lUomic mass number juj, and a positive 
charge. Zr, uith an electron of charge -c and mass number n/ 0 — 1/1830 
revolving round it. The centre of gravity practically coincides with llie 
nucleus. 'Hiis is, of course, a departure from the picture of the general 
system described above in lhat one of the atomic mass numl)ers is not an 
integer. The Innitatioiis set out alcove for Ihe values of 5 will no longer hold 
in this case, the only limitation being the integral values of )i] and i i.c*, 
of sm\ and SU12- From (ij), the force l)etvvceii the nucleus and the 
electron is 


1 ; 

7 

The force is the Coulomb force of altractiou, . 


4;r‘‘*mZc“ 

where = , the electronic mass. 

The energy of the system, as alsi. seen from (la) aud (17) is 

T' 27i^mZ^e* 

K — XT — 

27 


Therefore, 


giving 


(15) 


(r6l 


(17) 


(i8) 


which is the familiar Bohr formula. 
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I I ill I K' ti i it C i} 

Hcic III [ — nt.^ - 1 , and liciu'c tile wiliK's ol .V .lU' all intugial. iMaim Ij’), 
the energy of the system is 

The potential function is veiy probably ol the bn in ^ . Tlie geneial pro- 

cedure would be to solve the eciuation 

V. ''' 

TT-r-M 7 


or 


log 


I- 


/)-s- 

.Tn'M 


(eo) 


to obtain i as a lunction oi ■, ; and using tliesc \alui.s of i and > to obtaiji the 
energies for the difrerenl levelr,. As this does not seem leasible, we may 
take particular values of s find the eoi responding value of i by tiial or 
otherwise, and calculate the energy. Thus, for ,s - r, 


/<■ -- 




(ei) 


Assuming the values ‘ mid V ■■ 7 .7 x lo” ' as deduced else- 
where, (Soonawala, this becomes 

log I — 1 . 1 ■>' io’ ^ X ) — I 2.5 ... (2,) 


where log 1 is to the base ro. We can see that the niaximnm value of r is 
attained for r= i / 1 .1 x 10' and is equal to abortt - 13. 'J'his nearly but not 
quite fits into (2^). Assuming it to be a close enough approximation, 
K — 2.6 X lo"*^ er,g, which IS near enough to tlie accepted value. This is not 
altogether snrinising as the values ol A and V were originally deduced from 
a similar value of H. 

We can hardly be justified in improving the lit by selecting a suitable 
value of A, as this would involve a curreSj)onding correction for V ; but our 
present knowledge of the nui leus is too meagre. However, it would illus- 
trate some interesting features. I'hus assume | =4.3 >' 10“’ '■' leaving V the 
same as before. Then, 

log r-i X iu^' X -.12.5 ... (23) 


The niaximuin of log r- i x 10' ’.r is reached for r— io~' ’ as well as 

and is about equal to -12. But, while with 7 = 10“’ ” (lie .second term is of 

small significance, it is not (prite so insignificanl when i- or* 

For i = 2, we have 


log r — J X ro' *f = — iT.y 


(24) 


As before, with / = ro~’^ approximately, the second term is of small impor- 
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taucc, and tlieii r varies as the second, or aluiosl the second, i)0\ver of s. 

^.2 ^ 

'I'lie energy varies as -.7, as seen from (12), or nearly as On the other 


hand, if values of j arc chosen which make the term Ar of greater significance 
than log r, it can follow that the energy of binding would increase willi s. 

Anotlier important feature which becomes illusiratcd is a certain upper 
limit set on v. This happens because the right hand side of (20) can, for 
lar ge enough values of .s, attain a value corresponding to which no value of r 


is possible, tlie rnaximuni (jf log > - A » exceeding . The energy levels 

tt'-vM 


would then be few and discrete. The tighte.sl hiudirig is for .s — i , arrd dilini* 


uishes with higher values of .v. 


J.UI-l'K, (Rajim 'iava) 


R K 1' Iv R K N C,K 

Sodnawn];), M. 1'., (J942), liul. Join. I’liys , 16, .yji. 
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ULTRAVIOLET BAND SYSTEMS OF THE MERCURY 
IODIDE MOLECULE. PART III 


Bv C. RAMASASTRY anh K. R. RAO ' 

{Rccrii'cil fo} Imic i;, n;/7) 

(Plate- V) 

ABSTRACT. Tlir band spi ctnmi of tin.* nuMCiiry ifididr nndnniln bas been inveslij;oled 
furtlier in the ullra vinlet in tlu' rt jL^ion beUmni A as exeited i>y specifdly 

constriutcd bi;.;li IrcijiicneN oscillator. The C and II sj'steins an' considerably i'xtended ; tbi* 
(T.systciri is analysed for the first time and a new vibrational scheme is sii^^^f*csted for the IT‘ 
system, diffcTeiit from that proposed l)y Piiiheshijewa The vibrational constants are 


(j-systeiii 

... 88.4 

0.2 

1^5*7 

1.2 

Il-syslcni 

97-^ 


125..^ 

I 15 




7f'f" 

rv/'tcu 


The tvN’o systems have a coninion final level whicli is tlie same as that fur the C and D 
svslem‘‘. Ill the Il-system, the progressions are abruptly cut olf after 2 ; this Is cons- 
idered as an instance of prediRSocialion not found in any ol the syvStems of the mercury hali- 
des eo far analysed. 


I N T R 0 T) U C T I O N 

'Pile emission spectrum of the mercury iodide molecule \^’as found to con- 
sist of seven band systems in the region AA 4400 -2100 as listed by Rao, vSastry 
and Krishnamurty (1944) in Part 1 of these papets which contains a review of 
the work done by previous investigators on these bands. The systems were de- 
signated as B, C, D, E, F, G, and H in the order of decreasing wavelength, the 
H system occurring at the most refrangible end of the spcclium. 1 luee more 
systems, were later discovered by Ramkrishna Rao and K. R. Rao fi 946 ) and 
described in Part II ; they lie in the region between the F and G systems and 
hence designated as F„ F, and F,,. The systems B, C, 1), and Fare extensive, 
each consisting of quite a large number of bauds, while the others extend over 
shorter regions and are somewhat fragmentary- Vibrat’onal analysis was sug- 
gested only for C and D and F, and F,. all of which were shown to have a 
common lower state, probably the ground state of the molecule with the approxi- 
mate vibrational constants u-, = 125-2 and = t-i- it was shown further that 
the two systems C and D whose (0,0) bauds have a wavenumber separation 
of 3510 cm-’ might form the components of the electronic transition , 

analogous to similar systems established by H owed! (1943) m the HgF bands 

and by Rao and Ramchandra Rao {1944) the HgCI bands. 

• Pellow of the Indian Physical Society 
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Witli a view lo llie ulnridation of the entire band system of the Hg I mole- 
cule, liirlher woik is carried out and in this part, the rCvSults relating' to the G 
and II systems will be described. When the structure of the entire band sys- 
tems is completely known, it would be of interest to examine why many sys- 
tems are emitted by tliis nrd.L-cule while only a few are known to exist in each 
of the corresponding molecules llgh\ HgCl and HgBr, UvS well as in the halides 
of the other eleme nts, zinc ami cadminni of the same periodic group. It is 
lioped that some of tlie ten chauicterisiic systems of Ilg I might prove to be 
iiitercombinalioii bands due to transitions between excited states of the 
molecule, 

/ 

T-: X I‘ K k 1 M p N T A I; ! 

/\ ])iiie sample of niercuiy indide is taki n in a thiu-walled jiyrex ti^hc 
about 8'' long and ball-itudi internal diamelei. I'he tube is continuously 
evacuated by a Ceiico llyvac jmmp and cxcatcd by a radio frequency voltagfe, 
available at I be ends of the* tank circuit of a Hartley shunt-fed valve oscillator 
of j to TO Mega cycle s range, 'riie heat of the discharge is sufficient to vapo- 
rise tlie mercury iodide in the lube. Within a minute of switching on the 
oscillator, the colour of the diseh.arge turns inte nse bine*, characteristic of the 
Ilg I vapour. 'The spectrum is photographed ))y a Hilger Quartz K 315 
s]>ectrograph, usijig an exceedingly narrow slit This narrow widtljhas proved 
to I)e wamthwlide in lesolving some close band beads, in spile of their general 
dill used nature. Ilford Special Rapid plales sensitised by high grade mobil oil 
served well to phi)tograi»h the spectrum bel()\v A ,^300. Zenith ^ I'ast Ultra- 
Violet pliUcs ol high speed and Ilford plat^-s tyjje Q III aie also employed. 
Uxposures of even two lioins duration gave very good spectra. 'J‘he copper 
arc jitandards are adopted for reducing the plales. 

As pointed out in Tart II, in view of the ])eculiarly large numbei oi sys- 
tems attributed to Hg I molecule, special care is taken lo establish first, as far 
as possible, from an experimental standpoint the origin of these band systems 
and to examine that they are not due to other molecules or to the products 
of dissociation of mercury iodide. Comparison is made with spectra obtained 
under identical experimental conditions of various other halides and chifley 
iodides. 'J he band spectra of the two molecules, mercury and iodine, have 
also been studied in detail in tiiis respect* There is evidence on the plates of 
iTunds attiibulable ttT Hg^ and Hg.^ hut they occur in regions remote from that 
t:)f (1 and H systL'ins. ^\s iodine is known to liave an extensive band system 
observed in absorption and in emission below A 3500 down to the vacuum ultra- 
violet, plates have bt^eu taken wdtli iodine alone in the discharge tube and the 
data arc compared with the bands a.scribed^lo iodine by the ]»rcvious investiga- 
tors, Lurtis and Kvans (1033), Warren (^1035), Venkateswarlu (1946). It is 
found th.il undei the conditions adopted lu our expcriineiils no trace of iodine 
omissi(m bands appeared in the region where the G and 11 systems of Hgl occur, 
t )u the othei hand, a general continuous speclruiii is obtained extending down 
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PLATK V 



a 

ia) G System with Culture. 




H System 


b 

Coraparisoii. 
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to A, 2000. It might bo maatioued here lliat this iodine IL 1'. ilischargc could 
as well be employed as a source of coulimious specUami in the ultra-violet 
absorption experiments in place of the usual hydrogen discharge lube. Such a 
source has, in fact, proved very easy to set up and convenient to work with and 
is being employed in our laboratory with success. i\ full description of this 
will be found elsewhere. Tlie above exi)enmenis have led tlic authors to con- 
sider the mercury iodide molecule as tlie emitter of the T. and H syslems, 
A further confirmation is afi’orded by the vibrational analysis of the two sys- 
tems suggested in the succeeding sections. 

R K STILTS 


G Sysienu — This system, lying between Xk 2230 — 2165, was first reported 
by Prilheshejewa (1Q32) wlto published meavSurenieuts of 22 band heads which 
were from a low dispersion spectrogram in which the individual nieinlicrs of tlie 
sequences could not olivionsly have liceii snlliciently resolved. I'.vcu the dir- 
ection of degradation of llic liands was not definitely observed. No analysis 
or regularities were suggested by him. In the present work the dispersion 
used is about 5 A. IT. per nun. in this region; a much larger mimbei of 
band heads, about fifty in all., are measured. They are found to be clearly led- 
degraded with sharp heads towai'ds the violet side. A reproduction of this 
system is given in Plate IV which is a four-hour exposure with copper aic com- 
parison. 

The wave-lcngthSi intensities and wave-niunbers of the Irand heads are 
given ill Table I, The intensities arc visual cstiiiuites. boi compaiison, 
the data reported by Prilheshejewa arc also given iirtlie first column. The 
analysis of the system is found to be comparatively easy as Ibe heads are 
characteristically prominent and fairly resolved. 


I'Annic I 

Hand beads of the G-vSystem. 


Wave length 


Prlllieshejewa 


2239-7 

2234.60 


2227.2 


Autliojs 


323 / 1 . 3 '^ 

2233-sf’ 

2232.60 
223T.61 
2220 22 
a 22«^.22 

2227.37 

2226.20 

2225.21 
2223.^*6 
2221 . 


lilt. 

Wave imnilicj 

(ila.ssifita. 

j 


(loll 

0 

i 

4.-17427 


T 



1 

•1177<''7 

>2 K) 

i 3 

447y6.7 

( 1 , 7 ) 

1 H 


(■l.gl 

1 

4,lS6l,y 

( 3 .Ht 

1 7 . 


j - 

3 

.149'>.l-7 

! ( 1 , 6 ) 

; r> 

A40-5 6 

! (0,5) 

i 

44960*0 


1 

1 2 

44992 '9 

( 2 . 6 ) 


a— 1639P— 4 
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Table I ( conid ,) 


Band heads of the G-system. 


Wave length 

Int. 

Wave number 

Classihea- 

Prilheshtjewa 

Authors 



tion 


2220,74 

4 

45016.0 

(1,5) 


2219.38 

3 

4 S‘> 43-6 

(0.4) 


2218.71 

0 

45057-2 

— - — 


2215.02 

A 


^ 1 . 4 ) 

22 T 3.3 

2213.61 

5 

/I5161.0 

(0,3) 


2212.0S 

2 

45192.3 

( 3 . 5 ) 


2211 . 17 

I 

45210 8 

(2.4) 


2210.86 

0 

45319.6 



220g 12 

1 

452527 

( 4 , 3 ) 

2208.0 

2207.78 

6 

45280.2 

(ol) 


2207.03 

0 

4 .S 295.6 

^ 3 ^ 4 ) 

\ 

2205.0 

22(\S.12 

3 

4 S 334 .« 

(2,\) 

220/1.6 

2203.63 

4 

453 <’ 5 .S 

(X.2') 


2202.56 

0 

45387-5 

( 4 i 4 ) 

2202.4 

2201.92 

4 

454007 

(0,1) 


2201 .00 

2 

45419.7 

(3.3) 


2199.59 

2 

45448.7 

(2,2) 

2196.0 

3197.67 

6 

45488.4 

(1,1) 


2196.24 

0 

45518.1 

— 


2195.12 

4 

45 , 54 1.3 

( 3 , 2 )' 

3193.3 

3193.53 

4 

45574-3 

( 2 . 1 ) 


2192,50 

3 

45595-7 

(5.3) 

2191,5 

2191.72 

4 

45611 9 

(1,0) 

2190.0 

2190.94 

2 

4s6a8,i 

( 4 . 2 ) 


2189.67 

1 

45654.6 

(3.1) 


2188.45 

3 

45680.1 

(6.3) 

2188.2 

2187.55 

6 

4569S.8 

(2.0) 


2187.01 

0 

457IO.I 

(5.2) 

2^85.3 

2185.63 

j 

45739-1 

(4.1) 


2184.23 

0 

45768.4 

(7.3) 

21S3.5 

2183 36 

5 

45786.5 

(3.0) 


2181.02 

3 

45835-7 

( 5 ,x) 

218O.7 

2179-33 

5 

45871.3 

( 4 .ot 


2178.64 

0 

45886.7 

( 7 ’ 2 ) 


2176.80 

3 

45924-6 

(6,1) 

2175.0 

217513 

A 

45959-8 

iS.o> 


2174-44 

I 

45974.3 

(8,2) 


’217375 

I 

45988.9 

— 


2172.69 

3 

4601 1.4 

(7,1) 

2171 4 

2171.06 

2 

46046.9 

(6.0) 


2170.49 

I 

46058.1 

( 9 , 2 ) 


2169.68 

0 

46075,2 

““ — 

2168.5 

216S.76 

I 

46094.8 

(8.1) 

2168.0 

2168.05 

0 

46109.8 

— 


2167.16 

0 

46128.8 

(7,0) 


2166,60 

00 

46140.7 



2165.99 

0 

46153 7 

— 


Vibrational analysis of G-system Hgl. 
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TAliKK III 


V" 

! 

! 1 

1 

0 

3 

D 1 

.' 1()625 j 

.'if./igg 

46382 

46262 

J 

i 

1 




- 

1 

'1 7' '3^^ ' 




3 

/]7202 





Table II presents the haiuls in the usual diagonal airay. It will be seen that 
most of Ihc intense bands fall into the prop.rcssiun with v" — o andW'^ 
pro.e.ressioiis with and i ; the intensity distribution is such that the FraiVk- 
Condon jjarabola is very wide and oi»en, tiie (o, o) band being absent- 'JTe 
values arc not, in spile of the sharinicss of the band heads, very rcgulai^; 
but tlie general seheirie is bebeved to be correct. The following vibrational 
formula is calculated for the bands by plotting the AGl?’) values against the 
quantum numbers and adopting the graphical method. 

V ™ /|5542.:1 -1- (8S.4 id — o,2u '^) — ^^5-7 wheie a' = (r'-t- 1 ) etc. 

The values 125.7 and 1.2 indicate that the lower .state of this system is 
the same as that determined previously for the C and D systems. 

This system too was first reported by Prilhesliejewa but the 
number of bands w^as only ten. The scheme in 'I’able Ilf was also tentatively 
suggested by the above author, which, according to the present Work, appears 
to be very fragmentary and uncertain. vSevcral bauds reported as single by 
rrilheshejewa are oliserved to consist of blends of two or more heads and hence 
an altogether dillerent vibrational analysis has been obtained. The new scheme 
is iiresented in 'fable IV and 'I'able V gives the details of the measurements. 
Twenty-two band heads are measured between AX 2170-21 lo* The degradation 
of the bands, as can be seen from the reproduction, Plate IV is definitely 
towards the red as in the G-System. This feature suggested the rearrangement 
of the heads shown in 'i able IV, which leads to a value of 7c/ < while the 
Prilhesliejewa 's scheme gives 'zc/ > re,/' unusual for red-degraded bands, 
phirther, if Prilhesliejewa s analysis is adoped, many of the strong bands would 
be left out of the scheiiie. With our analysis ail the bands can be represented 
by the formula, 

i-=47iio.2 + (07.1 —(125.3 w'^-1.15 w"“) 


'Idle AG (i’") values for this system are much more regular than those for 
the G-systein and the constants calculated for the lower slate arc considered as 
accurate. For the upper stale the constants are derived from only two AG(d') 
values- 
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Table V 


Band heads of the H-sysleui. 


Wave length 

lilt. 

i 

Wave Nuinl 

Authors 

ler 

Prilhesliejewa 

Classifica- 

tion 

2161.15 

3 

46257.1 

46262 

(3.91 

2160. /16 

1 

46271.8 


(1,8) 

2156.2' > 

4 j 

4656.', .3 


(2,8) 

2 l.SS- 4 ti 


4637 S.(; 

46382 

(1.7) 

2I54.SI 

1 

4 ^> 393.2 


(0,0) 

a1.Si.27 

4 

46469 5 


( 4 . 7 ) 

2150.43 

5 

46487.7 


U,6) 

2140.61 

3 

46505.4 

46499 

(ok) 

3 i 4 S. 2 <t 

4 

46601 .0 

I 


( 1 $) 


5 

46619.8 

46625 

(0,4') 

2141.3.5 

00 

46684.3 


(2.s) 

2140.07 

0 

46712.7 


' 1 , 4 ) 

2139.02 

6 

4673 5 5 

46726 

(0,3) 

2135,96 

1 

46802.4 


(2,41 

2134.62 

00 

46832.0 


(1,3 ( 

2133-67 

5 

46852.7 

46846 

(0,2) 

2129.46 

2 

46945.3 

46930 

(l,2i 

2128.22 

3 

46972.7 


(0,1) 

2124,03' 

2 

47065.3 

47058 

(1,1) 

2120.00 

T 

47154.8 

4713(1 

(2,1) 

2118.51 

0 

47188.0 


(1,0, 

2114.82 j 

OU 

47370.2 

47262 

(2.0) 


The intensities of the bands present interesting ])eculiaritics. Fig. i 
shows the potential curves drawn to scale, for the upper and lower slates of 
this system and the transitions taking place according to Frank-Condon princi- 
ple. The parabola of intensities thus obtained is indicated by a continuous 
line on the right side of the figure, inset in the small table giving the observed 
intensity distribution among the bauds. It is a very wide jnd open one with tlie 
vertex shifted towards higher v" values, the (o, 3) and (o, 4) bands being the 
most intense of the entire systems. 

Another feature of this system is the existence of only three v" progressions 
after which there is an abrupt termination of the bauds ; there is no band with 
v'>2. This is considered to be an instance of predissociation, not found in 
any of the other systems of Hgl so far analysed. The phenomenon of predis- 
socialion first observed in the S3 bands has since been noted in band systems of 
scvei;al other molecules (cf. Jevous 'Report’ 1932). In Ss, two points of predis- 
sociation were observed and abrupt changes in the appearance of the bands 
occur at these points ; further, the bauds which have diffuse structure in 
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absorption do not at all occur in emission. Similarly in the IS system of nit- 
ric oxide, bands with v'>4 are observable in absorption but not in emission. 
In yet other bands, such as the v" progression of the No second positive system 
a sudden cut oflF occurs in emission and the systems do not occur even in absor- 
ption. All these characteristics have been interpreted as due to the interaction 
of the upper state with an unstable electronic state of the molecule giving rise 
to radiationless transitions. The repulsive curve of such a possible electronic 
state, inter.secting the curve for the upper state of the H-system is indicated 
in Fig. 2 which shows the potential energy curves for the O and H*systems of 
the Hgl molecule.’ A complete understanding of the nature of the predFs- 
sociation is not yet possible unless the absorption of Hgl in this region is also 
studied in detail, experiments with a view to studying this particular feature 
are in progress and further di.scussion will be presented later. 1 

The vibrational constants, the estimated value of the dissociation mergy 
and K(atom) for the upper and lower states are given in Table VI. The ralues 
indicate a common lower state, same as that for the C and D systems. '^The 
nature of the upper electronic state is diflScult to determine. Some of the 
bands of the G-system arc accompairicd by fainter sub-bands which cannot be of 
isotopic origin. They are probably P components if the upper electronic 
state of this system is a V. For the H-system, the upper state is probably 


Table VI 


S>stf*m 

Tt'o 

HV" 

D' 1 

D" 

Ktiif^iu 

Dissociation 
products of 
the upper state, 

G 

88.4 

1257 

I.2I 

0.4.4 

6.48 

Hg(IP)+H2P) 

II 

97.1 

125-3 

0.16 

0.44 

5.63 

IIgt2P)-fI(*P) 
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INTER.ELECTRODE CAPACITANCES OF TRIODE VALVES 
AT ULTRA-HIGH FREQlJENC\' AND THEIR DEPEN- 
DENCE ON THE OPERATING CONDITIONS 

Bv I). K. ('.ANOUl.l S, K. KIIAS'D^IR ■ 

(A'ci I'/i'i’if /('/ /•uliluth'/iiii, Jiiiii' iS, itjfi) 

ABSTRACT, The itiler-elechtviU' ('.iiKicitaiiu -f nf vix Irlmit- v;ilv( ^ ;>ii(ltlii'ivili iKiulnui- 
1)11 the usual operaliii}' Cl iilditioiis weic imahun'il mi a Kn licr iviie .sysleiii will) i)Uia-liiy,li 
frequency field. Thc' bnfsic princijile.'i of the method ol iiKaKiiii tt)ent^, expcrinieiilid proccdiiie 
and the rc.snlts obtained are cinhodit d in thc jire, suit papei . No jp id lii.as was emtiloyed and 
thc effect of varying the filament current and ;inode curreul for Ihu e anode volfagi s uii tlie 
intcr-electrode capacitances was studied. The filainciit and anode vollagis were sailed to the 
individual valvc.s employed in the iinesligation. The main featnn s of the expuimental results 
have been fully di.scussed and their interprelalion givin in a general way. 

T N T R f) 0 T1 C T I O N 

Any inellioil of nieasnriiig very siiinll ca])acilii;.s can he ailopled for the 
inea.suremciits of inler-elecirotle capacitances of lliennionic valvi’S wilhont niuch 
clilEculty, when they are not iii working condition. The lielerodyne inelhod or 
any A. C. balanced bridge method is usually employed. I'or thc iiiter-electrode 
capacitances which are extremely .small, as in small receiving valves, ?.crecn*grid 
valves, ultra-short wave valves and the midget valves of thc .'\coin lype^ 
.suitable methods have heeii devised from time to time hy various woikers. Tlies^’ 
methods give accurate values of the inter-cleclrode cupiacitaiices tindei noii-ojiera" 
ling conditions of thc valves. .Some measurements have also been made under 
operating conditions. Jones (iQ37) measurments in the icgion of iadio"ficriuency 
(i Mc/s) by a bridge method with several triode valves liaving different anode 
voltages and varying filament and anode currents within the working range of 
the valves, furnished some interesting results. Following a double-beat resonance 
method, measurcmeiils of the grid-filament, anode-grid and anode-filament 
capacitances were carried out by i^Iitva .md Khastgii (ig.|6) for eight diffcreiil 
triode valves for various anode currents with three siiecified anode voltages. Thc 
nieUiod was e.ssentialJy a heterodyne melhod for the lueasurcmeul of small^ values 
of capacities. For accuracy of icsonaiice ad.ju.stmeiits, the heterodyne'wliistle 
was made to beat with an audible note of fixed fregiiem-y, the exact resonance 
l,oint having been obtained by (be no-beat adjustment. Mesurements were 

made with a field of i l^Ic^s, as in the work of Jones- 

Although there was a general agreement between the experimental results 
of Jones and those of l^Iitra and Khastgir regarding the nature of the variations 

* ]R-lIi Av of tlie IiiiUan Pb\ sical Socieby, 
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of the j^ricMilaniciit and anode-Rtitl capacitances with anode current, yet there 
appeared in general an inir)ortant difference in the sequence of the increase of 
grid-filament ca])acilance or of decrease of the aiiode-gnd capacitance with the 
amount of anode voltage, for the same anode current, Similar measurements 
of ill ter- electrode capacitances were, therefore, thought desirable with ultra-high 
frctjueiicy fields, to see whetlier tlie same features, as observed with i Mc/s, 
prevailed in the range of nltradiigh frequencies. 'J'lie measurements of course 
were effected on a iiair of Lecher wires, the terminal condenser being a ‘grouped * 
capacitance, having any one of the three iiiter-elecLrode capacitances in one 
branch of Hie jiarallel system. The sliori-circuiling bridge was adjusted for 
maximum vollagu across the termiiiai condenser of the Lecher wires. With 
such voltage resrjnanc c, the effect of the electrical conductivity of tlie electronic 
medium on tlie resonance length was eiiminaled. Tlie inter electrode capacitances 
and their variations with dilfercnt anode currents under different specified\anode 
voltages were measured with an ultra-liigli frequency field of 0(1.76 INlc/s iwavc- 
leugth A = ^^|o. 4 cm.) for tlie following six triode valves : — \ 

(1) Philips B 405. 

(2) Philips K 406. 

(3) Cossor 41 MP. 

(4) HivacPX23o. 

(5) Mazda PP 3 /250. 

(6) ^ Acorn ' lube. 

Tile make, name and otlier details of the valves are given in Table I. 


Tabpk I 


Make, Name 

Fil. 

voltage 

(volts) 

Fil. 

current 
m. a ) 

Anode 

voltage 

(volts) 

Anode 

curr. 

(in. a) 

Plate 

resis. 

(ohm) 

Mutual 

conductance 

Philips B 405 



230 

21 

6000 

1.6 

Philips E 406 N 

A 

1000 

500 

2x20 

2000 

3 

Cossor 41 M.P- 

4 

1000 

200 

24 

2,500 

7.5 

Hivac PX ::3o 

2 

300 


T7.5 


3-5 

Mazda PPa/a^o 

A 

1000 


4S 

1,000 

6S 

‘ Acorn ' 

4 

310 

150 


2,700 

.1 

In all the 
KTid. 

incsiuemciits 

w 

\\ itli these valves, 

no bias voltag 

c was 

applied to the 


L Q P I V A Iv E N T NETWORK OF A TRIODE 

To explain the method of obtaining the individual values of the three inter- 
electrode capacilance.s, sonic theoretical considerations regarding equivalent 
network of a triode will be of help. 
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A Iriode may be represented as a network with and Z, the cxlcrual 
impedance of the anode-filament and Krid-lilament circuits icst)eclively; l>t 
C,y r, Crtf/, Car denote the grid lilaincni, anode-grid and the anode-filauient 
capa:itaiices respectively. Representing the A.C. resistance between the filament 
and the anode by t p which is in parallel with the auodc-filaineiit capacitance 
C-,/, and remembjring that an alternating potential e,/ impressed on the grid 
introduces an e. iik f. eiiiial to /S) c,, (/z^ being the amplification fuctoi of the 
valve) in the anode circuit, the input imi»edance can he obtained by including 
in the anode circuit a fictitious geiieratoi giving a voltage and solving the 
Kirchoff equations foi the nctwoik. 

I 'or very low fretiueiicics (re < ro*'), the 'anode-filament capacitance C« / can 
be neglected, as it is shunted by wliicli is small conqtared with llie tcactance 
offered by C„ / . breaking the impedance into resistance and reactance and 
assuming that the external inipedanee is inductive, expressions for the input 
resistance and iiqiut capacily conies out to be 





1 jr> 'b r a j 


il) 


where — resistance in the anode circuit 

Wlicn fa ^o, the input cajiacity reduces to C,,/ + Can- 
Foi high frequencies (w ^ lo^'j the aiicjde-filaineiil capacity Oaf cannot be 
iieglcclcd. >Since is large, we can neglect, luAvevcr, the tc-tcrnis of lower order 
in comparison with those of the higher orders, U he input resistance can then 
be shown to be zero and the input capacity will then have a value given by 


C. - 


^ ij > 


+ 


Off t/ • Off f 

On u "t* Oaf 


(2) 


IMms at very high radio frequencies the input capacity of a triode network is 
practically independent of the constants of the external output ciicuits, The 
effective capacitance between the grid and the filament of the triode netwoik 
can, therefore, be looked upon as a ‘ grouped ’ capacitance consisting of the grid- 
filament capacitance placed in parallel with the seiies combination of the anode 
grid and anode-filament capacitances. This effective grouped capacitance will 
evidently vary when the individual inter-electrode capacitances change with the 
change of the working conditions.* 


DETERMINATION OF THE 1 N D I V I D U A L ^ “ 

OF THE INTER-ELECTRODE CAFACIIANCES 

(a) Under Non-Opcmling Condition of the Value- 

Three separate observations of the ' grouped ' capacitances, specified lielow 
were made for the evaluations of the three individual inter-electrode capacitances 

without difficulty. 1 . 1 it 1 

(i) For the fir>it observation, the anode and tlie filament were shorted. Undei 
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such condiliou the efleciixc caj^acitaiice across the ;^rid and Ibe filament \a ould 
be a K*^^ai])cd cai)acitaiicc of value L'l j?ivcn by 

Cl C,,- C.,; (3) 

iii) h'or llie second observation, the anode and the wcie shoited. Ijudei 
this condition tlie enc('ii\'L‘ capncilance across the .erid and filament would 
l)e Co jdveii by 

Co = C „■ r s C,t f ■ * ■ (a) 

(iii) For the third obse rval ion the r, rid and the fdameiiL are joineeb so that 
the ctTcclive capacitance acnjss the anode and tlie grid would be C;t given by 

C.s - C,, H C„, 

From (3), Cl) and (5). v^e get 

C,/ f i I Cl ‘I C2 Cs i j 

Cff</ = i [c 1 ^ Co + CjiJ 

c., - A [Co + C3 -Ci l ) 

By measuring Ci,C2and C-, the individual values of the inter-clcctrode 
capacitances C,;/, Ca.; and C„ r can be delenniiied from (b). 

(b) Undci opcraliuii rouiilions of Ike value 

'fhe iii]nil cajiacily of a Iriode network o])ej*aled at very high radio frequencies 
lias been sliowii approKiiiiately to be the same as the effective capacitance across 
the grid and the filament under non-operating condition. Thus for liigli radio- 
frequencies llie same procedure of detennining the inler-eleclvode capacitances 
of a Iriode can be adopted under o[)eratiug condiliou, provided a suitable large 
capacity is employed across anode and filament in case (/), or acro.ss the anode 
and grid in case (//). The large capacity serves a double purpose. First, if the 
anode and the filament are shorted just by a connecting wire as in case (z), the 
high tension battery will be sliorted; the insertion of the large capacity prevents 
this short-circuiting. If, again, the anode and grid are shorted by a connecting 
wire as in case (//), the II. T. voltage will be supplied to the grid as well ; the 
large capacity across the auoile and llie grid acts as a ‘blocking ' condenser. 
Secondly, the insertion of a comparatively large capacity, in either case, is 
tantamount to vsliort-circuiting, as far as high radio frequency is concerned, so 
that for both the cases (?0 and (ii)y the iujiut capacity would be given by the same 
simple formulae as (3) and bj). 'When the rid and filament are shorted by a 
connecting wire or a large cajiacity, ihe effective capacitance across the anode 
and tlie grid would be also be given by the same formula (5). 

Thus tile individual mter-elcctrodc capacitances of a triode can be determined 
from the set of formulae wliicli aiv the same a.s (6). 
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METHOD OE measurement WITH U I, T R A 11 1 O II 
EREQUENCV E 1 K E D 

(a) E.xt^criuicniai tnoccduh and dalails 

The electrical couueclions sliowiu.L- the inscition uf a comletiscr of coiuEaru- 
tively lurRC capacity in the ciicuil of the irioile uiitler CKaiiiiuatioil arc illustrated 
ill tig. I. 1 he effective capacilauces across the input teitniiials inaiked L'|, Cg 
and Ca in the diagrams were measured on a pair of Lecher wires (Fig. a). 





L Uf«ri» w^«f» 

B 

1 



•if 

"1 0 Tt# 

1 ^ UVMfAffm 



I' lC,. 3 


It is to be noted that a suitable high frequency choke was inserted in the 
anode circuit of the experimental valve. This was done to avoid short-circuitiiiR 
of C,/ through llie H. T. battery and the milliannnetcr A in the anode circuit, 
each of which has a negligible resistance. In the hlanient circuit there was a 
variable resistance and a suitable milliamincter. Each of tlie grouped capaci- 
tances Cl, C2, C3 served as a terminal condenser of a pair of Lecher wires. 
Ultra-high fiequeiicy oscillations from the inductance coil L of the oscillator 
Were induced into the Loclier wire system. The short circuiting bridge B was 



158 


t). K. Ganguli and S. R. Khastgir 

adjusted till the I’.f. voltage across the terminai coudeuser was maximum This 
voltage resonance was indicated by means of a valve-voltmeter unit coupled to 
Lecher wire system at the input end by means of two small condensers consis- 
ting of copper tubes insulated from the Lecher wires by glass sleeves. Particular 
precaution was taken to avoid the effect of the neighbouring ostiUator directly 
on tbe valve voltmeter unit by enclosing the voltmeter iji a shielded box. In 
case {Hi) wliere the Leclier wires, at the inpnl end, were connected to the anode 
and giid (grid and fflainent being shorted), a suitable fixed condenser K (o ooi ^f) 
ill the bridge prevented shoit-circiiitjng of the anode and the grid of the experi- 
mental valve. l‘he fixed condenser was conveniently mounted acioss two stout 
copper wires fixed on an ebonite frame with a handle. In cases (/) and (o), the 
fixed coiidi^iser was not necessary, and the short-circuiting bridge w^as mjerely 
a stout coi)per wire mounted on the ebonite frame. \ 

The reading foi the tuning iiosition could be noted with tbe help of an index 
pin fixed on the ebonite frame and j>oiiiliug towards a long wooden scale runn'^ing 
parallel to the Lecher wires. ^ 



Fig. 3 
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The Lecher wire system consisted of two [larallel S.VV.fL No. iN Imre copi)ev 
wires placed horizontally with a separation of 7.6 cm. between them. The siirt.ie 
impedance Zq of the line w as calculated to bo 570. ohms. 


(h) Wothiug Foiuuiluc for Ihc Dclonniuahou 

Let Zq be the sur^^c impedance (>f the Lecher ire system and be the 
terminal caimcity wdiich is any one of the ^roui>ed capacitances C i, L 3. If 
<u be the aiiMular frecpieiicy of the oseiilatious induced into the Lechei wdie 
system then the condition for current resonance, nej’lecting the rc.sislance ol the 
wure and assuming no leakage across them, is given liy 


or cot = wLZo ■** 

A 

where is the resouance leiiyth for wavelcnp.tlU correspoudiiiK to the angular 

frequency w of the oscillations. 



Fig. 4 
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III the present experiiiicul the length was adjusted for inaximiiin voltage 
across tlie terminal condenser* It is, however, known that this voltage resonance 
condition is the same as the current resonance condition, provided the distri- 
liutiou of electrons inside the tcrniinal conrleiiser is uniform. Neglecting here 
tiie sliglil iif>n-uniformity in the electronic medium, the voltage resonance 
t‘ondition could he taken the same as that for current resonance given by (7), 

111 case (iii) where the shorl-ciicuiting* bridge comprised of a fixed condenser 
K, the condition of resonance would be given by 



o 10 o 10 o 10 20 




?IG, 5 
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(c) pYocediiTi? ill the nicsui eiucii I i\l J a fei^^c/ecf rode citpitei I o n ics uiiiiei 
the uon-opcraLiiig condition of the vaives ; 

The triode valve was moiuiled on a wooden base so that the 

pins were on the level of the iiUme oi tlie Lecher wires. I 'or cases (/) and (ii) 
short leads were taken from the ^rid and Claineiit to two mercury cups 
suitably placed. For case (///) leads were taken from the anode and the grid 
to the same two mercury cups. 

With any one * grouped ’ capacitance Ci, C-, or C,. resonance lengths 
were obtained by adjusting the short -circuiting bridge. i'he value of Cj, Cj 
or C3 was then obtained from (7), wiiicb may bo written here as ; 


From the values of Ci, Cm, C.i, for any triode valve, the individual values 
of Cv/, and Cnf wore obtained under non-operating condition from (6) 



Fio. 6 


'1— T63gP'— 4 
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(d) Procedure in the nieasurcnienis under the operating condiiion 


In these measurements the experimental arrangements were made as 
in Figs. I and 2. Under the operating conditions also there were three cases (i), 
(r/) and f7n) First, with anode voltage on but with no filament and anode 
currents, the resonance length / was found in each case. Then for a certain 
anode current in, the resonance length changed to a value V. The change 
in the required grouped cajjacitance Ci, Cj or C;, in cases (7), (it) or (iii) 
was then given by 

A, =.L [cot col ], ... (9) 

I 

where k = wZd 

An increase in I means a decrease in capacity, and a decrease in / indicates 
an increase of the same. ’ 

It was thus possible to measure C,, C2 and C., for various values of the 
anode current from (yj for any triode valve. From these data, the changes 



Fig. 7 




W-e/ecWe C.p„c„„„ce, oj Trioda Vahe., olc. lb} 

m the mtcr-electrode capacitances ' r , . ^ , 

with the help of (6). were detoniiined 

anode currents could easily be evriua^d 

^ X 1* li R I I{ ^ ^ 

(a) 

fo. ail W Jcfarreiriln’^ «„ad,a„ccs ub.aiaad axi.,i„,c„Wly 

also 
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Taupe IJ 




Name i/f It iiwlc. 

c., 

; 

i 

C.,r 

(n/if) 

C.f 

Philips R v':-) 

6.9 ; 


5-1 

1-35 

Philips 

12.49 

1 

JJ 61 

{'j.Si 

2.0 

Cussor /\i M.P. 

9 52 1 

8g 

‘1 51 

2.11 

Ilivac PXi:;3n 

j 


2.03 

2.12 

PP3/2.y* 

12.305 


.S. 525 ' 

2 . 7.2 

' A corn ’ (v^^th h:r-c) 

•94 ; 

I..M 

•54 

j 

1 i- 74 | 

, . . i 


(h) l^niij/ioNs oj I III i'r-cicct I ode Cat^iu iUniccs ivHli anode cuncul 

Tlie expuntnciilal results ior all llie six Iriodes aie illustrated in 
3 to 8. The ehaii]L'.es iu the individual capacitances i.(\, AlV,// ami 

AC\r/ and tlie values of /A(, obtained from LV 'Crr/foi* difi'erent anode cnrrenls 
are shewn in the diagrams. Variations of the inter-electrode capacitances 
witli anode current for three fixed anode voltages were studied, 

8 V iM A R Y <) 1- K X V Iv R 1 M K N T A L R S V Iv T S 

* 

Summing up all the experimental results, the following generalisations 
can be made. 

I. (d) There was a large and steady increase of the grid-fdameiit 
cajiacitancc with the increase of anode current, followed in some cases by a 
slow decrease with furtlier increase of anode current. 

(h) h'or the same anode current, the observed increase of tlic grid-lilaiiieiit 
capacitance was larger for a larger anode voltage. 

II. (a) Usually there was a comparatively slow decrease of the anode- 
grid capacitance with the increase of anode current. In some cases, a 
slight increase was observed for small values of anode current, followed by 
the usual decrease with further increase of anode current. 

(/)) For the same anode current, the observed decrease of the anode-grid 
capacitance was larger for aMarger anode-voltage. 

III. Usually tliere was a steady decrease of anode-filament capacitance 
with increase of anode current, with an occasional increase with further 
increase of anodc-ciirre^it. In sointj cases, there was indication of slight 
increase for small values of anode ciurent. 

IV. There was a rapid rise in the amplification factor as obtained from 
the ratio of the grid-filameiit cai>acnance to anode-filament capacitance 
followed by a slow decrease in most cases. Thus for a certain value of 
anode current there ajjpeared, in most cases, a maximum value of amplifica- 
tion factor* 
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V. The ilicrcast of grid-filament capacitance and the decrease of anode* 
grid capacitance for each of the six triodes for maximum change in anode 
current for a given voltage (id].] volts) arc tabulated below. 


Taih-k III. 
V,, = I i-i volts 



‘ Ct)Id 

1 

value i 


1 


r 


Valve 


C\ .A/d/un 

A/.. 

hn ;i ) , 

AC,/ 

l/igt/) 

AO,, 

c,; 

AC\, 

ac,„ 

c.. 

Philips P/^05 

hAj 


0 - 16 

A 52 

■91 

" 

“2.01 


I'hilips Pg4o6N 

J 2 .r]g 

11 bi 

0 - 2^ 

Kt 2S 

,Sj 

- n 1)5 

' .oS 

Co.ssor 41 

9-52 

S.g 


, 7-2 

■75 


■ -.SO 

llivae r^:33u 

0 -I 


0 - 3 rj 

! 

3 1.32 

J.8 

“0 58 

- .78 

Ma/da '2so 

12. 3 J 

13..0 

t )--25 

J 7 . 7 S 

1 . 4-4 

-ros 

.61 

‘ Acorn ’ 

0.91 

! ^24 

(*"•1.4 

28 

i 

“iLog4 

“ 075 


IJ 1 S C U S S I O N AND I N T R RPR R T A I O N O R 
R X P p; R I JM R N T A 1, R R S U L T S 

'I'hc electrons inside the inter-electrode space in a valve usually bring 
about two effects . — (i) a reduction in the dielectric constant of the electronic 
medium, and (2) a conductivity effect across the electrodes. The latter is, 
however, eliminated in our measurcnient.s, where lengths were adjusted on 
the Lecher wires for ma-ximum voltage across the terminal condenser. Thus 
we should normally c.xpect a decrease in the iiiter-elcctrode capacitance witli 
increasing anode current due to a gradual reduction of dielectric constant of 
the electronic medium* This normal feature is usually observed in the case 
of the anode-grid capacihincc. In the case of the gridp lunicni cupacilancc 
we have to consider, in addition, the effect of the space-charge. lire effect of 
the space-charge is to diminish the effective distance between the anode and 
the filament. With a fixed anode voltage, as anode current increases on in- 
creasing the filament current, the space-charge increases. Thus the effective 
distance between the anode and the filament would decrease, i.c., the inter- 
electrode capacity would increase with increasing anode current. The rate of 
this increase would evidently slow down, and the intcr-elc-ctrode capacitance 
would approach a saturation value with larger values of increasing anode 

Considering the gradual reduction of dielectric constant of the electronic 
medtam with the lOaMM of ao.A correnl, it is .vtot that the r«luttion of 
theeltoclive capacity doc to the decrease ot dielectric constant would only 
appear for very large values of the anode ciurent. It is therefore cupected 
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that the inter-electrode Capacitance would show a gradual increase with the 
increasing anode current followed by a decrease with further increase of 
anode current. In the case of grid-filairicnt capacitance this was actually 
observed. In some cases, however, the subsequent decrease w^as not observed 
witliin the range of the anode current. 

If the observed increase of tlie grid-filament capacitance wntli increasing 
anode current is a space-charge effect, then it is evident that tlie increase of 
grid-filament caijacilance for a given anode current would be less for a higher 
value of the anode voltage. With all the six Iriodes examined in the ultra- 
high frequency field, the sequence was, however, found completely reversed. 
As already explained by Mitra and Khastgir (loc. cil) this was most likely due 
to the emission of secondary electrons at higher voltages. When seco^idary 
emission takes jjiace at the grid surface, the latter acquires a positive potential. 
With a perceptible positive potential on the grid, the elections flowing rroni 
the filament to the grid would move faster with a positive than with a nei\tral 
grid. Hence for a given thermionic current, N. c. v., the average elcctVoii 
den.sily w>'ould be less, as tlic velocity of the electrons would be larger, so that 
the decrease of tlie grid-filament capacitance due to the change of the dielec- 
tric constant would be smaller for the higher anode voltages, for which there 
is i^ecoudary emission. I'lic increase of the grid-filamenl capacitance due to 
space-charge would therefore, appear larger. 

The positive potential on the grid would, on the other hayd, retard the 
electrons going from the grid to the anode. As a consequence, with a higher 
anode voltage producing secondary emission, for the same anode current, the 
electron density would be larger. This would cause a larger decrease of the 
anode-grid capacitance for higher anode voltages, for the same value of the 
anode cuirent. This was actually observed with all the valves. 

Some test experiments w'crc perfornicd to find whether tlie observed 
variations of the iutcr-electrode capacitances were partly, at any rale, due to 
the change in the inler-clectrode distance or dimensions as a resull of the 
heating effect in several valves. In these experiments, the valve under test 
was used without any anode voltage. The grid and the filament were con^ 
nccted to the input terminals of the Lecher wire system, and with no filament 
current, the short-circuiting liridge was adjusted for voltage resonance in the 
usual way. As soon as the filament current was switclied on, and there was 
only a small fraction of a milliampere flowing in the anode circuit of the 
valve, a shift of the tuning position was observed. With further increase of 
filament current, however, there was no further perceptible change in the tuning 
position. The shift was found in the direction which indicated an increase in 
the capacity of the terminal condenser of the Lecher wires. It can be conjectured 
that as soon as the filament current was switched on, some stray capacitance was 
suddenly introduced due to the L.T. battery and connecting wires, etc., thus 
causing a shift in the tuning position in the direction indicating an increase 
in the capacity of the tcnuinal condenser of the Lecher wires. That this 
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shift was not due to a clla^,^c in tliu inter ckctrodc distance or dimensions on 
account of heating is evident from the fact that there had been no further 
shift of tuning position when the filament current was increased considerably* 

The initial slight increase of the anode-grid capacitance observed with 
some valves within very small values of the anode current may perhaps be 
associated with the shift of the tuning iKisiiion observed on switcliing on the 
filament circuit. It is evident that the apparent slight increase of capacitance 
due to this extraneous cause would show itself only when the observed 
decrease of the anodc-gricl capacilancc with anode current was indeed small in 
magnitude. In the case of the observ'ed increase of the grid-filamcnl capa- 
citance with anode current, the oliservation in the neighbourhood of small 
values of anode current obviously included the slight increase due to the 
extraneous cause. 

As already remarked by Mi Ira and Khastgir /or. r//., other factors may 
also aSect the variation of inter’cleclrode capacitances. Ihc works of v^chottky 
(1914), lipstcin (igiolj Pry (t02q) and others showed that the increase of the 
grid-filament capacitance of a valve depended on intcr-electrode distances. 
The effective values of the inter-electrode capacilanccvs may thus, to some 
extent, be affected by the relative positions of the electrodes inside the valve. 


Phtysics Dr/PAuTMi'N’r, 
Dacca UnivkrsiTy. 



US 


D. K. Ganguli and S. R» Khaslgir 

R li ]• !■ R N c r: s 


Epstein (1919), Ih’ulsch. (^cscL verh, 2i, Ss- 

Fry (iy2o), Vide Van dcr Uijl .s Thermionic vacuam Tubes, p. 6j, 

Jones lJ937h /. I'-- St, ('jM, 

Milra and Khastj^ir Ind, Jour. /’/ir.wc.s', 20. Ki. 

Scholtky, OoM), Ph vs. 16. 



18 


SOME DIRECTIONAL OBSERVATIONS OF ATMOSPHERICS 
ON 1000 METRES DURING SUNSET TIME 

By S. R. KHASTGIR,^ M. K. DAS GUPI'A and D. k. GANGULI 


(Received for I'uhlii otion. May, ufjj) 

ABSTRACT. llu‘ lluMjn f)i smirisG and snnscL maxima in the numher and slrcmgtli of 
atmospherics, as ^’ivGn bv l-Chasti^ir, is elabiiraled in this paper A simple method, based 
on this thcoi^ , is \\orl;ed out for the bu'ation of a. thuiKierslni ni t'ciilre which gives rise tf> 
nlmospheries, by observing the lime of otTiirroiiee (»f the alniosphcrics maxiinmin when the 
distant tluuiderstoi m prevaiK o\'er a length of lime rn\ ering Hit' time of sunrise or sunset. 
The results of some directional oI)ser\atioii.s (T atmospheuVs taken in IVlav-June 1946 vvilh 
a cathodc-rnv tube direct ion-findei are also given in the paper The tx^sitioiis of the obsem-tl 
maxima with relereuce tn ground sunset enabled diterniinations of Hie lotatums and 
distances of the Hinndorstonn centrts active dining the iicriod 'Plie results indicated that 
most ol the Hnindeistoriii areas were on Hie eastern side of I )acea, in lUirnui and a few on 
the wi stern side The distaiiees were found to range from about igo to 175" Km. 

1 N T R 0 n V C T 1 0 K 

It was long known that Uicic were anomalies observed in the number 
and in the intensity of dislaiil atmosplierics during tlie sunrise and the 
sunset peiiods. Iwclcs (igi8) reported obseivalion of a sunset minimum and 
this was confirmed by Other investigators. Ksperischied, Anderson and 
Hriiley's (1926) observations, however, indicated an increase of atmospherics 
during the sunrise and sunset times. Potter’s (1931, 1932) work on atmos 
pherics received in frequency channels from 5 i\lC/vS to 20 MC/S, also 
revealed intensity maxima during the periods of sunrise and sunset. Double 
peaks were also observed by him about the time of suniise on some occasions. 
'I'lie preliminary investigations on distant atmosplierics received in medium 
freiiuencies by Kliastgir and Kaineswar Kao (i9-]o) and Khastgir and 
Ray (19^0) in this laboratory showed an unmistakal.ile maximum during 
the sunset time. Later observations on very high radio frequencies liy 
Khastgir and Innas Ali (1942) and on medium frecjuciieies by Khastgir 
and Rasak (1942) showed in many cases maxima in the region of 
ground suniise and sunset times. Tsually one maximum (and sometimes 
two maxima) was observed some minutes before the ground sunrise time. 
One maximum was also observed some minutes ajlci llie ground suiisel time. 
Occasionally there was indication of a maximmn at the time of the ground 
sunset. The effect of sunset on atmospherics was also rej>ortecI in a paj>er 
by Subba Rau (1941). Venkata Rao Telang’s (1941) records of the 
atmospheric electric field also indicated anomalies during tJie sunset time. 

* J'cllow of the lii(3i»an I'Jiv.sicqI Society 
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rott'LT (1031) attempted a eeiieral exjjlanatiou of the sunrise and sunset 
eifects obsei ved and also of the double peak; hut this explanation does not 
seem to l)e at all salisfacloiy in view of the present knowlcdt^e of the ionosphere. 
For very loiii^ waves, Nainl)a (1933) gave an explanalion of the sunset and 
siuirihe effecls on atmospherics. According to his view, the reflexion at 
the ioni/cd layer is n;L’/a///e l)eforc sunset and diclecltic after sunset; and 
tile sunset and snniise effects are due to the transition in the reflection 
cJiaiacltriiilics ol tlic’ layer. A general explanation of the phenoniciion was 
als(» offered h3 Kliastgii (1(142). 'i'he object of the present paper is to 
elalioj ate this exfdanation into a theory and U) show that 011 this theory a 
simple method can be devised tor the location of a thundevstorm centre Yhich 
gives rise to atmospli(&rics liy oliscrving the time of occurrence of the maxknum 
in the strength of the atmosjffierics, when thi^ distant thunderstorm pr^iivails 
ovc‘r a length of time c‘owriiig the sunrise or sunset time. The Vesults of 
some direv’tional observations of atmo.spheries about the sunset time arc Valso 
i.pven in the pajiei . \ 


TllliORV 01- A T M O S r IT K R I C s MAXIMA H U R I N C. 
s n N I p; A N 1) s V N S p: T P K R 1 O I) s 

A liglitimig stroke gives rise to (laiii4)ed pulses of electromagnetic waves. 
When a iigli tiling takes place on llie earili's surface or somewJici^e within the 
t!uj)0.sphere, the electroinaguctjc imlscs arrive at the rcceivei situated at 
some distance after reflexion {rom the ionospheric layer. In the small hours 
nt the inoining, it is evident, the intensity of downcoiuing wave, originally 
eoniing fiom the distant souree of atmospherics, increases gradually with 
the slow ly decreasing ioni/atioii in the K-layer, till on the incidence of the 
solai lays, at sunrise, there is a great increase in the ioni/.ation causing a 
huge fall ill the intensity owing to a larger absorplipn in the layer ami also 
to a gieatei deviation of the rays due to higher electron concentration. This 
causes a maxiniiiin in the strenglli of the almosjffiei ics about the time of 
suniise. liefoie sunset, again, the intensity of the dowmcomiiig weaves 
gi adually increases cine to a continuous decrease in ionospheric alisorjition 
till at th(' instant of the willidrawal oi the solar rays ut sunset the intensity 
suddenly tails. Lhis is lieciuse when tlie ionizing solar rays are withdrawn, 
there is a pLiccptible decrease in llu K-layer ionization and the dowmc'oming 
waves are much le.ss deviated and necessarily fail to reach the receiving 
point. This gives a piaximum in tlic strength of ilie atmosjihcrics about 
sunset time, v'^ubseijucntly, however, the smaller ioncispheric absorjition 
asseils itself causing at iirsl a slow decrease of intensity and iillimately an 
increase. 

llie work on the early morning increase of K-layer ionization liy Milra 
(1038) has showui that the ionization begins to increase noi when the early 
morning solar ra.ys strike the K-layer by grazing the earth's surface huf 
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when tlic ifiys sliilvL* the layeM l>y the siiifaee nt the tJ/.ojiospheie at 

a height of Kin. from (he earth, i'iie snn s iay>, in order In pi oduee 
ionization in the IMaycr should Ur lefore pass over tlie o/ahw leeiou, so as 
not to have tlic radiations of the shorter wavelengths ahsenbed by the c^zone. 
Keeping this conclusion in view, the time of oeeunenee ot the ineiease of 
ionization in the Kdayer by sun s lays at dawn ur oi the decrease (d ion i* 
zation \vheu the solai rays are withdrawn at dusk, tau be found willi 
reference to llie grouiia sunrise and sunset limes. Tliis would L oriespond 
to llie tiiuo of occurrence of the atuiospliei its maxiuunn obseiwed about (he 
time of sunrise or sunset, /rhe duul)1e peaks wind] were usually ohseixed on 
higher frequencies lielore the gioniid sunrise can be explained in terms of 
the tw‘o layers H and b. It known lliat the b'dayei ionization also indicates a 
rajnd increase in value about the sunrise lin the layei ) and a iso a sljar|,i fall 
about tbc sunset (in the layer). 

r t) S 1 T 1 1 1 N ( ) K T H 1' S II N K 1 S V. \ N P SUN S H '1' M \ X ^ \1 \ 

A N 1) T H Iv 1. ( ) C N T I (> N ( > 1' THUN T) J* K S T ( > k M C I- N T R IC S 

Kor simplicity iii treatment, let us iiisl consider the Ihiiln Him t a.sc, when 
tlic sonice of the atmos[)lieric disturbance and the receiving point are in llie 
east-west plane. Ket S and R rejiresent tlie source of almus[)hencs and K 
the receiving point. The damped elecTiomagnetic pulses Iroiii tlie somce 
of the atmospherics w’ould reach the retciving i^oinl after reflexion al A in 



the ionospheric layer. Tl is evident from fig. i that the ionization in 
the region A would begin increase only when the sun’s rays would 
4Dass over the tangent from A to tlie toj) of the ozone layer. The 
ground sunrise or sunset at the receiving point is of course easily 
determined by drawing a tangent jdanc on the earth’s surface al the receiving 
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site K. From A wlicre llie ioiiospliurir reflexion takes ]>lace, let us now 
(Iravv a tangent Ati tuudiiim the ozone layer at CF Denoting the angular 
<listaiu'e between llie noise source and the receiving i^oint by 0 and the angle 
ACti by 0, it can be easily seen dial the instant when the sun’s rays would 
begin to jnodiicc ionization in the region A by glazing tJie top of the ozone 
layer it would be earlier oi later than the ground suni ise at R, according as 
0 > or < ! 1 . This is true wlietlier R is to the east (jj- west of S. It is also 
evident that the difference between tlie instant of ground sunrise at tlie 
receiving ])oint and the instant when tlie ionization liegins to increase in the 
region A would 1^e given by 

AT = (zi0ir2^j minutes (i) 

The signs of tlie difference and summation refer resj^ectively to the cases u^hen 
the leceiving point R is to the east and to the west of the noise source vS. \ 

Similar arguments would a]»i)ly to the case of the sunset. It sliou]d\l)e 
noted that the smivSet inaximuni would appear ajtn’ the ground sniiset^ [»rO' 
vided 0 > S, whereas under the same condition the sunrise jnaxinium would 
appear before tlie ground sunrise. Tiie difference between the instant of 
ground sunset at the receiving jioiut and the time of occurrence of sunset 
maximum would be given by the same formula. It sltould be noted that the 
signs of difference and summation would in the case of sunset j efer respec- 
tivel}' to tlie cases when tJie receiving iioiut R is to the west and to the east 
of the noise source >S, 

We shall now consider the <^ehcuxl (a.sr where the source of the atinos- 
plieric disturbance and the receiving point lie in any plane, as in Fig. 2. 



Fig. 2 
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Let SR uialvc an aiiyle witli the nortli-sniilli line at Die reccJivin^^ point R. 
1 he point at which reflexion at the ionosphere takes i»laee is now directly 
above a small circle corresiKUidiipe to liie kititnde of A ; In Im.c. i the tangent 
plane drawji from A to the o/.<)nos])here touches it at (L The straighl line 
(iC drawn from tiiis point O to the cejilre C of tlie small circle makes now an 
angle with CA, given by 


K cos - + ll„ 


I'OS 0 = 


R cos 


A ^ -f A . 


+ n, 


where A , jiiul A are the latitudes of the source of alniosj)lieiics and the recLiv- 
ing j)oint, IL, and TIi the lieights of the ozone layer and ihe iMaycr respee- 
livcly and R llie radius (tf tlie earth. We are assuming here that the sun 
follows a path ill a plane parallel to the equatorial i>lane. The assunq^lion 
tloes iKd materially alter the calculation with wliich we are I'oucenied. 
Approximately, however, when the source of atmospherics is nut loo distant, 
we can write 




R cos A + 1J<, 
R cos A, i II, 


(a) 


Again if /, and Ir aie the longitudes of the source 'vS ol alniosplierics and 
the receiving point R, tlie difference between the instant of ground sunrise 
(or sunset) and the instant when the ionization liegins to increase (or decrease) 
in the region A would be given by 

AT---4VJ+ ”.//) minutes • ^ (3) 


Till tiler, we have 


tan ‘I 


A,.^A, 

L ^ 


(]) 


where i> is Uie direclioii of arrival (»f the atii]osi)herics at the rcceiviuK jatint 
with resjicet to iiorlh-soutli. 

Thus if for the recciviu.t; point the latiliule A^ and longitude /, are 
known, it is jiossibie to find the lalilnde A, and longitude Is of the Ihunder- 
storui centre fioni < 2 ), ( 3 ) and ( 4 !, if the time of occnnvnce of the sunrise 
(or sunset) niaxiniuin relative to grfiuud sunrise (or sunset) and the direction 
of arrival of ihe atmosplierit's are known. 'I he angular distance of the 
thunderslorin centre from the receiving point can iheii he olHaiued from the 
formula ; 

vS^ = cos“Usin A,.siuA, +cosA,.cosA,.cos(/,-/r)J ... (5) 

The actual distance is easily deletmined by multiplying the angular distance 
by the radius of the eaith. 
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For Dacca as the receiving point 


aud taking tlie following data : 

Radius of the earth * 

Reflexion height in the F-Jayer tioiu the earth's slii% 
Ozone layer height 
we get 

WitJi tliis value of (/> and witli the observed vail 
centres can be easily calculated. 


T i jM {) V O C C IT R U Iv N C Iv O V S TJ N R I S K 
M A X 1 J\1 \ A T M O S J’ H F R 1 C ; 

V A R T 1 C U L A R C A vS U S 

luist-WesI diuftion For the east-vesi dircLtiui 
evident A, —A,,. So long as the soince of atinosjjlieries is 
leceiving point i.v.j I, > In and the distance is within tl 
the atinosi)herics inaxiniuni is exi'cctcd to a])j)C’ar bcjorc ground sunrise 
and iijtci ground sunset. WMlhin this limit, the greater is the distance 
between the receiving point and the noise source, the smaller is (he difference 
111 time Ix'tvveeii ground sunrise (or sunset) and the lime of occuilence of the 
atmospherics maximum. When the distance is such that ?Al , — I = 4<py a 
maximum is expected at the ground sunrise (or sunset). Wlien the distance 
exceeds tliis limit, the almospheiics inaxiuimn ap])ears a)tci the gvotind sunrise 
and be foie the ground sunset. 

When the source of atmospherics is to the leesl of the receiving point 
i , I ry and the distance is within the limit the maximum 

would appear aflci the ground sunrise and bcjoic the ground sunset. Within 
tliis limit, the greater is the distance between the noise source and the receiv- 
ing point, the smaller is the difference in time between ground sunrise (f»r 
sunset) and the time of occurrence of the maximum. In the same way, again, 
when '.21/, “ /J — 40, a maximum would appear at the ground sunrise (or 
sunset). When the distance exceeds this limit the inaxiinum would appear 
before the ground sunrise aud aficr ground sunset. 

Norih-Soutli diicciion, — F\)r the N-S direction /.c., it is evident /., —/r- 
Thiis the atmospherics •maximum is alw'ays expected at 40 min. before ground 
sunrise or 40 min. after ground set. 

SDCCHvSSlVK RRhbKXlONvS FROM T H Iv lONOSPJIFRF 

Successive reflexions from the ionosphere would, liow^ever, cause atmos- 
pherics maxima to appear one after another at regular intervals of time. For 
this, the location of thunderstorm centre requires careful consideration. Let 
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S and R denote respectively the source of atmospherics an, I the receiving 
pouit 111 the IvW pliino. I'or a siii->io ionosplioric reflexion, A is the point 
where such reHexion takes place (F,«. . 0 . For; double renexion, X and V 



Fjg. 3 

are the points where reflexion occurs. I'or a reflexion, the difference 

of lime between ground siinnse (or sunset) and the lime of occniTcnce of 
maximum is ;^iven by 

where 6) is the angular distance between vS and 1\. 

In the case of successive doul)lc reflexion, for the sccoiui reflexion at Y, 
= the Sdrtual ’ source being at Sj, whereas, for the fusl reflexion 

at X, = virtual source being at S- 1 ‘he difference of 

(AT)- and (AT)t = 2(? min. Thus if single as well as successive double 

reflexions occur sinmltanetnisly l>etween S and R, three maxima will appear 
successively at (AT) — 40 - 2 ^^ and the successive intervals of 

time being 0 min. 

In locating thunderstorms centies from directional observations oi distant 
atiiiosjflierics, the alK)ve considerations are of importance. 

T n U J\ V Iv (J V 1 V U E X T A N 1) K X T‘ K R I M IC .N T A J, 

1‘ R () C K DU K Iv 

llii Pj h' equipment 

Briefly the D/h' equipiiicnt consisted of tlie following : — 

(1) A pair of ^crossed ' loop, 6 ft. sq. with jo turns oi S.W. No. 7/22 
stranded coi)j>er wire. The plane of one aerial was in the N-S direction and 
that of the other in the li-W direction. Kuch was tuned to 1000 metres, 

(2) The two loop aerials were connected to two similar IT/F amplifier 
units. The circuit diagram of each is shown in Fig. 4. 



176 5. K. Khastgir, M, K. Das Gupla and D. K. Ganguli 



tlic outi)ul of one ainpliikr and to the otliei pair was connerted the output of 
the other aiuidifier. 

Wlieii the atuios[)licric j)ulsc wa.s received by the acrial-systcni, currents 
were induced into the two aerials each tuned to looo metres. The voltages 
develoi)ed across the tuniim condensers were then amplified and the amplified 
voltages applied across the two pairs of deflecting plates in rectangular 
directions yielded a straight line on the oscillograj)1i scieen. Tlie inclination 
of the straight line gave the direction of arrival of the atniosj>hei ics for which 
tile paiticular straight line response was obtained. In the exi>cri mental 
arrangement, the straight line sweep on the oscillograph screen in tlie vertical 
direction iiidicaled o" rej)resenting N-S. The orientation of the line in the 
clock-wise direction indicated increasing angles towards the K-W. 'J'he 
directions were ol)tained on a transparent scale lield in contact uith the 
surface of the oscillograph screen. 

(4) lialauccd Oscillaio). — Kor proper adjustinefit of the D/F equipment, 
an oscillator producing oscillations corresponding to 1000 melies with ' pairs * 
of balanced ‘ bleeder ’ resislauces in the output circuit was employed. With 
equal voltages obtained from the pair of bleeder resistances and applied 
across the tuning condensers of the tw^o loop aerials, the linear response on 
the oscillograph screen was noted and by adjusting the gain of one or the 
other of the amplifiers,, the straight line response was made to point exactly 
in the direction of 45''. The 45'" alignment was uiade each time before a 
set of directional observations of atmospherics was taken. 

U X V V. R 1 !M K N T A L PR O C P: 0 V R F 

Kach day when sunset observations were decided upon, it w’as 
arranged to take continuous observations of the directions and 
magnitudes of ihe linear responses for 10 mins, befoie and 30 to 
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40 mins, after the groiuid sunset for the clay. On the transparent scale was 
marked straight lines m ink showing' (hivclious at intervals of 10'' round the 
centre which coincided with the uiidevialcd central spot on the oscillograph 
screen. 1 he number of atmospherics lecorded in mins, was then counted 
for each direction. ^I'he sum of tJm magnitudes of the linear responses for 
the same mins, was also loimd for each direction. Tins measured whal 
may be called the ahiuisphci ics nriiviiy, dtiring the period ul mins, Thu 
number and the activity ’ of the almosphcries wxne then separately plotted 
against time lor tlie dilTerent (lirections. h‘rom the time of occurrence of thu 
observed maxima with reference to the ground sunset time, tlie locations of 
the source of atmospherics was louud in the w'ay already ex[)Iaiiicd.^ 



6 — 16’ioP 
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V, X I‘ R 1 M u N r A Tv R K 8 T) R T S 

Some lyi)ical direct ioiial observations out of a large number taken during 
the course of about a month in May-June, 1046, arc given here. The twelve 
sets of observations for atinosidicrics coming from different directions are 
illustrated in b'ig. 5. The graphs clearly show the maxima in number and 
aciiviiy of the atmospherics during sunset f)eriod. the positions of 

the maxima coincidc^ for alinosphcries number and activity. Due to com- 
paratively long period of observations after the sunset and only a short period 
before it, the maxima alter senset were observed more than those before sunset. 
It is evident from theoretical considerations that the maximum after /ground 
siuisel usually denotes the arrival of the atmo.sphcrics after iondsphcric 
reflexion from a lliuuderstorm centre 011 the eastern side of the receiving 
])oint and similarly the maxiinuin befoie sunset usually indicates the arrival 
of tile almospheiics from the w estern side of the reeeiving point, except for 
very (Hsian I atmos[)herics which are too feeble to be recorded oh the 
oscillograph. 

t )ne distinct case of successive double reflexion simultaneously occurring 
with the usual single reflexion between the source of atmo.splierics and 
iL'Cciving i)oint is shown in curve No, to^ where Ihcie are three successive 
l)caks at regular intervals, 'I he location of the source of atmospherics is in 
such c:a.ses (»])Lained with reference to the middle peak. It ia likely that the 
eui’Xes Nos. o and i t reineseiit Lw^o other similar cases where possibly the 
faithesl ol the three succcs.sive jicaks was not observed. 

k A T I ( ) N S V N 1 ) I ) [ s T A N C B S O n' T H 11 N D I? R S T ( ) R M 

C li; N T R p: vS 

111 I able J are entered the locations and distances of llmndcrslonii 
ceuties lor the twelve cases as calculated from the observed limes of occurrence 
of the atmospherics maximum after or before the ground sunset time, 'fhe 
interval of time- is taken as positive or negative according as the maximum 
occurred aftei or before the ground sunset. 
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C (J N C 1. U SION 

Tlic llmiidoslorin c'tiilrc.s oil Ihe easlciii side of Dacca \\\'i'c mostly in 
Burma near the Slum States, h'ew records showed that the atmospherics 
orii;iiiated in tlie western side of Dacca were mostly from Central India. The 
thunderstorm centres as louud from the twelve sets of atn)os])herics records 
ranged from i8(j te' 1764 Km. 

A C K N 0 W L K 1) O K iM 15 N T 

'i’lie measurements weic earned out at the Dacca Atmospherics Keseaich 
Station with tlie D. I*' tqiiijiinent of the Council of , Scientific and Jndnstriid 
Kc.soarch to wJioni our thanks are due. We also sincerely thaide X- C. 
Dhar, AI.Sc., Aleteorological A.ssistanl, for technical lielii iu\ these 
observations.* 

1 'H \ S I CS D KPA U T M KN X 

Dacca Unicuksi'A'. \ 

\ 

* A smujiiary of tlic paper )ia*s reeciitlN been i)iibJislietl in {Nulini\ 2(), Apiil. ,19.17.) 
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ON THE PROPAGATION OF E.M. WAVES THROUGH 
THE UPPER ATMOSPHERE 

By M. N. SAHA/ B. K. BAN’KBJKA and T. C. ('.UHA 

ABSTRACT. 1 ln\ jt.iju'i- upints a t'oiiipit.-liriij>i\i- workiijs i>f tlic piobU iu.'' cf uii iiiiii,s( <1 
almnsiilicru, traversed l>v a niajjjieuV lidd. as in (lie oasi of tliv Ifarth’.s alnuis]>livie. 
I’.xpies.sioii.s an.' iletliii'ed fm- elci'liicul |tid.'iiis,itiiiii and coiiiplcx condiu'lix il\ for sin'Ii an 
atnio.splierc when travel sed 1)\ radio rvave.s, iit a ten.s>*l|-.forin, as first .siij’i'ested by Dinwin. 
I he equaliorts of propai^alton of r.'tdio freijm iicv naves tltroirj.>b suclr ii inedtnnt ai'e obtained 
by (he n.se of eardinal axes, and lliett tire- e>(|naltoit.s of vertical pr'opagatiorr me deiliiced 
Ivxpr cs.'.iorrs are obtniireel for n fraetive itnlircs ejf errdittary artel exliaordniary waves, which 
agree wilh tiie expressieaiR given In Appleton, l?xpres.sioits are oblaiited for (tiilari.salion) 
frlrsoiptioti etc. of the' radio navrs tr.tvelling in the ionosphere. Curves are- given for the 
polari.satiorr ratio eiriil refractive tneltccs of tire two waves as fntrclions of tire' rrtagnctic 
latitude erf tire place or eelrservation. 


r INTRODUCTION 


Kver since tlic classical works of Ai)|)lcU)U (lo.ti; ami IlaiTiuu (lo.ti), 
the iti'erhlciii of the luopiigation of c.m. waves in the i()inrs))hcrc lias rci'clvcil 
alicntioii from minicrous workers Suiumarics of these works are available 
in various reports. Boccntly H. K. Banerjca (ipd/) marie a cnlical and 
coniparalive study of the futidanieiital methods of Apiileton ( ui.ts), H.artree 
(]93at, Saha, Rai ami Huthuv ''1(137) and Saha ami Banerjca (19*15) and showed 
that these various methods can be deduced as sjiecial ca.ses of a general method 
developed according to Darwin's (1025) sn.g.ge.stipn of treating the e.ni. 
|)ro))eities ol the medium as tensor quantities. The present |>apei continues 
the tieatmeut further and aims at .giving a I rue wave formulation of the 
general problem. For the convenience of the reader some results of the 
previous works carried out by llie senior author and his early eoilaboralors are 
included so that no further references to these reapers aie needed. Part of the 
results mentioned in the earlier parts are not new', but have been derived in a 
novel, easier and unitary way. 

Ht 

The Displaccmciil of the in the Ionosphere 

The equation of motion of the charged ions refcri ed to any system of 
co-ordinates can be written as ; 


dl 



ii.i) 


* Fellow of the Indian Physical Society. 
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where /> — displacenieiil vector with componenis >/, 

f, in ^ Jna^uitndc of the cJiarjL^e and mass of the ion resi>ecliveJy. 

V — collision ficqueiicy of the ions. 

H “ Karlli s nia^iielic field. 

E = £„ cos /)/, electric vector of the incident electromagnetic wave. 

Ihe effect of tlic niagnetic vector and the sjiace charges have been omitlccl 
as nstial. I he notation oonfonns as closely as i*ossil)le to those used by 
Apiileton (if)32) and Saha, Rai and Mathur (JQ37) and B. K. Banerjea (1047). 

(' 

It can easdy be verified that the solution of the above equation witlli 
E - £„ cos /./ is the real part of the solution obtained with E = E,c''>‘' ; wi 
use E in this latter form because solution is then easy to obtain. 'I'liel 
quantity analogous to the static conductivity now conies out as eonip]ex\ 
(bfratton, 1042), whose leal part gives ordiuaiy refractive index and the 
imaginary j.art gives deviation of the refractive index from unity. 

Introducing the polarisation vector P=.-4;rNe/> where N is the ion- 
concentration and using the abbreviations, 


- 4 «■/>“_ 471 

Nc' / ' 

k 2 _ 47rNc^ 

h = ■ , 

in 

- = 

h- 

y/p = «, 

i-,8 = i8, 


rlf _ 

P,. 


me ~ 

_ o) with conijjoiienls 


We get from equation (i.ii replacing p (i, ig >,) by - - (/’, f' />.) 

4 rrNr " " 

Pi’x + iwjRj/ ~ = — F.x 

The Solution of these equations can be biiefly written as 


P = AA.fi 


where A - and A is a tensor given by the matrix, 






A = 0)^(0® — w/ — 


lOyiu. + iSuix 


■■■ (x.5) 


I + iPtiin U)3<1>I/ — ijSwa: (I)j“ — 


It has been shown by Saha and Banerjea (1945) that the tensor possesses 
certain Cardinal Axes’’ which may be denoted by i, 2, 3. ”1” is the 
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diiection of the earth s niagiietie iielcl, is tliu line ]>er[Hnulioular to the 
luagneiic lueiidian^ and 3 Ihc line pt.*r])endieiihn lo 'S ' lyine in the 
magnetic ineiidian. 1 he relaliini between these axes and the axes connnonly 
used in ionospheric problems with XX as inagneiu' miMidian and ()/ as 
vertical is shown in the diagram below : 



Shows disp(jsitiuii ol i‘aidin«il axr,s (i, 3) with axes used 

generally in considering vertical nropagalion. 

hi this figure ZZOl is called the angle of propagation . The axis 
()L IS always along the positive directicyn of H. In general literature on 
ionospheric problems, the ])ositivc diiection of H is geueially not cxjyresscd 
(luite clearly, wdtii the result that the sense of rrytalion of the elettiic aiul 
magnetic vectors of the returning ladio wave is Icli iintlarificd. In what 
follows the positive diiection of H is along the i>ositive diiection of the 
magnetic lines of force, be- in the nortlieru hemisphere it is downward and in 
the southern the reverse is the case. 

Choice of these axeti is equivalent lo putting 


where tu., wj arc 


»0| — to-j, — Wj Of 

the components of o) along (1, 4 , 3) axes. We have then 
ft- ' u>" 0 o 

A = - I 0 

0 —iftw ft^ 

The complex conduclivity - „f the medium, defined ))y the equation 


c.£ = current 


dp _ _ = A.£ ih a tensor 


quantity defined by the matrix, 
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&JL 

m 


p-iv 

0 

0 

( > 

... p-p’ 


1 

) 

ip-iy)'^ ~pT, 

C) 

iph 

p-tv 

ip->y)~-P'i 

(p-iv)- -pi 

cnrreiit 

conduct ivity 

is obtained fi 


... (1.7) 


/> — (j. VVc liavi' 


c'*’ - - 



1 

1’ 

0 

0 

hi 

0 

1' 

pi -t 

hn 

P'i i-v-^ 


0 

- P» 
pr. + y- 

r 

Pi 1 >•" 


. . (i.S)\ 


'riiiis in Hr- dii^ clinii of 11 h‘ fR-Ul, the steady current (Onducti- 


vilv is Wu liave the conii»onenls of current as 

1)1 V 

/ 1 - l^i 

}UV 




Nc'-' 


/ i# (v/Cf> + y>/ /'.rj ) 




<);(/'! + 1'*-*) 
Nf" 


{-phE2 + 


_ TVT 

If hg = 0, \vc liavo Jo ■>\ ''E’z- The quantify - is known as 


transverse conductivity. We have hcsidcs the current /«— — — 

Mpi + v^) 

along the Z axis, though there may be no e.m.f. in that direction 

77it' rolaiisalioii I'rr/oi. — The ijolarisation vector Pis defined as 


lu 


and we can easily deduce that 


p= 

P 


Ej— ^^2 ± '.Eg — — ^ (i’2 ± iTg) ... (l.lo) 

/ he lilcciuc DispiticoucBi Vector ctnd the ( ooiplcx Dielectric l^c)isoi\ — 
The electric displacement vector D-E \ P may be expressed as /)= K. 
where K IS the complex dielectric tensor given by the matrix, 
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K=r. 


O 


jl -r//i 0 

o i~ rfi j {ji‘ u>") itMj {ft'^ — ui'^) 

o -iru)/(/«a-to2) r-r/J/(|8®-..2) 

3. T H F, M A K W E 1/ 1. I A N E y li A T 1 ( ) N S 
From the Maxwellian equations ; 

vx//--" 1^, vx£=- ’ v.D-v.H=(> 

dl 


(i.ij) 


elf 


(->.)■) 


We get by the usual nielliods, tlie equations of [H o[)agation for the 
electric and magnetic vectors in the form : 


c 

VHE‘2 ± 'F;>,) -I- 

- -^Vx(0.£) 

^ r 




T/j£! IFarc Equalions for Vcrlical P ion in any Laliludc: 
lyCt US first confine ourselves to the propagation along the vcrliciil Z-axis, 

1 j 2 ' 

so that V and simply reduce to and Iiilrodncing the 

new variable u — we get from ( 2 . 2 ) 




du 

du 


;^(£, + fE3) + (i-^4j(E24'£«) = o 


-^{Ei-iEt) + {i (E 2-iE,) = o 


(2.3b) 

(2.3c) 


\ y 

The components of the vector l*v in two systems (i, 2 , 3 ) with 

XZ-plane as magnetic Jiieridian and OZas vertical are relale<l as ; 

El = Ex sin 0 + E, cos 6*; " Ei sm O-I'.-. tos 

} ... a.,) 

E 3 =-ExCose + E, sin (9; E, = E\ cos 0 \ ^\n 0. 

a.. = a»sin^, «'r = o. cos 

The equations (2.3) as such are not suitable for use when we consider 
the propagation of plane waves, for such cases we have to use in conjunction 

with (2.2), the Maxwellian condition V.I>=o. For vertical propagation, this 
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reduces to — Dt = o, i.e., =o, siuce the steady components of D, if any, 

dz 

are uniinporlaiil in the study of tlie wave propagation ; 

From 7 },=o and (1.4) and (1.5) we have eliiniiiatiiig Px, Pi/, Pc and 
putting 7ei, = 0. 


+ ... (2.5) 

c' 

where C' == - j ). 

Multiplying (-2,3a) l)y sin 0 and the diCfeieiice of ^2.3!)) and ^2.30) by 
“COS 0 , addijig llie results and tlien replacing 7 ^^, P;; by tlieir equivalent 
expressions in terms of Ej, 1 \„y /'P from, '2. 4) we get aftei some simplifK^ation , 

... \(2.b) 


cV^E, ... ,, _ 

(fa- 


where 


K 1 = I “ / 


/j^ — //?-* o»'' sin^fv 


. _ ? (/^5 ■" cosf^ 

C' 


... (2.7) 


Again replacing and ])y E^ P»/, E in equation (2. 3b) from (2.4) 
and Ez by E,t and Ef, from ^2.2), we liave after some work, • 


'^r + 'E2E„ \- ihEr^o. 
dir ■ 


(3.S) 


Vi^hcrc 


K2 =i~r 


C' 


(2.0) 


]i)qualion (2.6) and (2.S) were obtained explicitly in this form by vSalia, 
Rai and Mathur (1937). liqiii valent equations with vector components of 
the ordinary and extraordinary waves intermixed in each equation were 
obtained by Rydbeck (19^14). But equations in this foim do not help much 
in the understanding of the phenomena, unless the coupling Iciai L between 
the variables vanishes. This takes place at <9 = 77/2, /.c., at the magnetic 
equator, where the equations of propagation become. 


d‘^ 7 < 

dti'^ 


.V 



(2. jo) 




1 


E„ 



o 


For the magnetic poles, O—n' and o, and for these values of 0 , K, = K2; for 
0 =n, i.e., mag N-polc, Uie equation of propagation takes the form ; 


d^ 

du^ 


(Ex ± ih.y) + 


r 

l-i+o. 


(i'-x i lE y) — 0 


(2.11) , 
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for O — i,c,, iiiai;* S-Pole, the cqualion .similarly reduces to 


(-i.na) 


■ Equation in these forms were stiulied by ySaha aiul Rai (1037), fur the 
case Avhen daini)iii.e is ncj^liRible, U( /3- j, from llic wave iiieclianical point 
of view. The Chapman layer of ion-dislribiilion was treated as a potential 
barrier and the penetration of the waves under certain siinplifyine, assump- 
tions were studied in the same way as (bmiow did lii Jiis famous work (m the 
Penetration of the Potential Ban icr of Nuclei oJ Atoms by IJigli fhiergy 
Particles.'* Receuliy Rydbeck(Tni2) has studied these «.(pia!ioiis when the coup- 
ling term L vanishes ; hchas given an ekiborate treatment of tlie wave cijuations 
for magnetic cipiator and taking a ])arabolic ion-layei and using Weber’s 
parabolic functions he has (jbtained cX])rcssious for the icllection co-efficient, 
transmission co-efficient and phase retardation of the wave in a thin Iriction 
free ijarabulic layer. In the ray treatment of Ai)plotoii we i)ractically 
confine ourselves Icj these tw(» limiting cases, tL., llieii tiuasidoiigitudinal 

7t 

case is for O-n, u, i.c., lvi=K2 and llicir (luusi-lrausvcrsc case, i.c., (} — , , 

L=o. 

l lic following ineihod wiil be found applicable lo all stations. Multi- 
plying both sides of iz.ii) by “/F," aud adding to (2.6), where F is an 
indeterminate nudliplier to Ijc presently, determined, we have 


+ iF + (K 1 - FL)F.r -t- ( K 2 - J: )il- /vr = 0 
fin*' du^ \ n / 


(2.13) 


Now choose F in such a way that Ki -I'L — 
so that F is given by the c(iuation 

pa- = o 

L 


K,-Ka 


(r — /j’jcos 0 


~zG — 2g cos ac ' 


where 


^ (/— i)cos6'’ i~r 


Let Fi, F2 be the roots of equation (2.13). Then 

F 1 , F2 — ± y' I + 

=g±\/j foi 2 = 0 

Now turning to equation (2.12) we can rewrite it in tlie foim 


■■fL-.AL.t + iFEu) rq^ 

du^ 




(2.14) 


(2.15) 


(2.16) 
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where q has ihe twfj values piven hy 

qr-=---K,- -Ka + U'\. = i~4^/^-v)(/^+"^cosflF2) 

V ] c' 


I — 


/i + oj COS 0 V 1 

./“ = Ki- ,4 =K, + LF, = i- '■(/3-r)(^ + o.tosflF,) 


... (2.17) 


1 — 


I (i) cos 0^2 


... (2.18) 


loi C' ■— (ft — l) (ft 'S 0) cos 0 Vj)ift H- OJ cos 0 K2^ ■ ( 

111 lljosc casts where llit (inanhlits , y-l, can be nt.ulected, the eqiAions 

an du. \ 

can be written as \ 


d'^ 

du 




... (2.16a) 


d;^ 

dn 


2 (y’.'ar -H /K2^'^F) + C/ 2 ^f-/Vr+ = 0 


'riiesc signify that the beam is broken up into two, with the lefractive 
indices qj, and go, and polarivSations detOnnined by and §4). 

We nexl iiroceed to discuss the ease of friction free atmosphere. In this 
case ^^e liave 


Qi 


I — 


Q2 


1 + u) cos 6* F 1 
3=1-- 


... (2.17a) 


(2.18a) 


I + fO COS F^ 2 

Both Qi, go are to be continuous functions of r. We find from the expression 
for g, tliat for^ — i, g — XX), At this point, qi^, q 2^ should obey the 
condilion of continuity, i.c., 


L< (qC, q2°)= hi (qC, qa®) 

)■ - 1 -0 ?• - H 0 


Taking first qj, we find that if we take for the leyion r = o to <'==i 

Vi +£’^, consequently qC = i — (2.17b) 

i-o) cos ^ (Vi + £ -g) 

m 

Then qj varies from i to o in the domain ^‘ = o to i. As the value is to be 
eoiilinuous, and since g on crossing over to / ==i + o, becomes negative, 
we find tliat for this legion ir > o) we should put 

Ki = g 

* ^ * I -r (I) cos S ( V I + — I ^ |) 


(2.17c) 
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These expressions for q•^ 
with the expression for the 
by Appleton. A (,/ - c/ j ^ ) 
(3.17 b, c) is given in I-ig. 


® has no singvilarity al any point and it is kk-nlk'al 
refractive index of the ordinary wave as given 
curve lor difl'ercnt values of 0 liom cxiaessions 
2, for (.)<!, and w > i. 



coiiccnlratiifn 


(' 


^ttC- 



for l^hlp 


a»<i dim 5) find a)> I (here i.c,i 


Tor ihc oUier beam \vc can now snbsiitiilL' lliu CDrrespondin.h' value of 
Fg, we obtain : 


q2^=l- 


I + 1 .) cos 0 F . 




1 -I fi) CU^ 0( X + H- 


for / < 1 ... 


— 1 


r 

I — 0) cos 0 (aJ X I- I ^ I 


foj / 


(eiSf) 


It can be easily shown that for w<i, curve stalls from (o, j) 

passes throu.gh (i — to, ol and a point of infinite .sine.ularity al r = i. — - — 5 ^ 2 — 

r — o)^ 

where it passes from — oc to -i-oo, passes through the point (i, i) and(i-l-ii>. o) 
for all values of 6 . 

q'^3 has therefore to be identified with tlie square of the refractive index of the 
extraordinary wave (Fig. 3). 

For ai> I , w'e find that the curve jiasses through (0,1) and ( i, 1 ), 
between r = o, and i, I but after ( i, 1 ) the value of q'3 becomes less 

thau unity aud gradually tends to the value zero at 1 - i +<'>, after wliich it 
is negative (Fig. 3). 


The quantities g(ta, i,e), -F = v'r+A'" “ I g 1 w hich occur in this work 
are functions of tu, r and 

In Table I, tire function i-(«). o, 0 ) lias been given for various values of 
(I) and 0 . To obtain £(<.>> r, &] we have to divide i’lw, o, 0 ) liy (r ~i). 



Table 
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Variation of tlit siinart- of tho refraclivi' iiulex for tliu r — wave 


w ith electron conrentnitiuii (r N | for pi. It- “’<i ’5^ 

V »<p~- } 

and /’i,//>=">i (here i 5) 

3 V I N I T p: 11 a m r I n r; 

Wc next discuss the case when 8 0i and in so doin,e we have to formulate 
the expressions for polarisation ratios and refractive indices in such a way 
that if 8 0, these general expressions should reduce to those discussed in the 

previous section. 

In this case F, and I'c arc complex roots of the equation (a. 13). Let 
US put 

h' , = — p 1 and conscquenliv I' j ” ^ ... ( 3 .i) 

since FiF^ = -i, with the condition tirat p is alw.tys positive. In the parti- 
cular case 8 = o, we have 0 = (j or ir. Since F, is ne.-tative for r < 1 , there- 
fore 0 = 0 for r I . Again Fi is positive foi r I ■ therefore, <j> rr for 

r > I . So we get for 8 = 0, 

f, = v' T + M' ~ I A' ' for r >. = , < I . 

Now , ■„ r> 

F. + F. = C'0 -p i -'l’ - cos ac"* '= at. 

■ P 

liquating real and imaginaiy paits, 

(i - r) cos 0 ( ' - r ) - + r)- - -^0 

(3-a) 


8 cos 0 ( - p) + ( ' “ 1 ' ( p '*■ " 
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or cos = -'A' cr»s‘a, sin (>) + f>\= — 2 g sin a cos «. 

Solvin.i.': the above equations (3.2) we .Ljet 

siircx 


S1J1^0 - 


I-p*- , . 

, Ian ^^•3) 


aiut 


I 4 -f \/ T 4 “ cos 4 - i;"* 

f,— ^ 1 H- f/- cos'ex — siiT^ ± \/.4'''cos“cx — siii"0 ... (3.4) 

This exjn'ession foi p can reduce to tlie corrcs]>ontl!n.L; relation for S = o only 
if we lake 

n- v/i 4 - c'cos’a — sin“0“ \/.i>"cos"o(“siir0 ... (3.4a) 

llencc Tj/> — p ^2 \/jC"C‘os"o(-sin‘</^ > o, for all values of cx and Thus p ^ i. 
Then returning* to the equations (3.2), we liave for northern heiuisplriere 
for the region r < i, ?.r., > o 




cos 0 > o, sin 0 < o, /.r.j 377 / 2 0 <! 2^ 

and for tlie region r >> i, /.r., g < o 

cos 0 < o, sin 0 < o, Z.C., n <i (p < 377/2. 

The case in the southern hemisphere ^‘s just the ojq^osite. The results can 1 )C 
tubulated as ; 


TABkE II 



r 

j, w sin^O 

S^o 


«>o 



2(r”T)('os<^ 

r ' 

0 

P 

[ 

1 ^ 

\ 

IT. 

<T 

1 

H-) 1 

'b 1 

0 


! [ 

; 3/2ir<0^2ir 



(-) 


n 

'\'i + — si n‘^<^ 


S. H. 

<x 

1-) 

Vi +,(;'*+ I fi'l 

TT 


O<0<Tf/2 


>1 ' 

1 (+) 


0 I 


ir/2<0<7r 


With these complex expressions for F, and Fa which reduce to the ex- 
pressions discussed in the previous chapter, we get the ordinary and extra- 
ordinary complex refractive indices as 

^"‘ = '“^ + «,cos. 9 Fr 

where X., ” i " wp cos 0 cos 0, Y(, “ 8 + wp cos 6 sin 0. 


where 


r _ sz j — ^ = I — y 

/:^ f U) cos ^ Fa ‘ /3 + a>/pcosi 9 

X- ~ I 4“ U) /p cos 0 cos 0, Ye== 8 4“ <o/p COS siu 0, 


(3.6) 
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Followin.^ Booker, we may pul q= — k j j^) 

Them = rX , , 

ir X’-+\-' p X'+V 

auil for the uon-deviatniy rej^ion, wlierc i kj p ■« i 


»•= I'U-.y 

2 c\ff Jx' 


■ 1 — 


rX 

XN- V^' 


Wc have thus for the non-dcviatin,o roLi 


ion ; 




k'u 


j _ ^ _ T — V}p COS 0 COS (p 

( 1 “* vif) cos ^ Cos + (/') + ptii cos 6^sni '/>)" 

Ji/i _ ^ \ yj6) cos sin f/> ' 

Ac\ ft ' r - o)ft ( OS 0 cos (p 


f 

I 

I 




^ _ J. _ 1 I <«►//> cos ^ cos f 

( 1 ’! <i)/7> cos 0 cos (p) ' fi cos Sill ipV 


/, _ y> / L _ ^ ^ p (j)s ^-^ shi tp 

.7 .'A P, / (l 4 U}j p (M'lS (‘OS </0 


(3.0) 


'riic coirectucss of the above exjiression.s can be tested foi special cases . 

For the ina,enclic equator, 0 =^ttI 2 wc have from (3. /](/', p-o and 

sin ( 9 ^ Hence, we .eet llie equations f7.io), as special i'ases of 

P 1^-1 

(2.i6n), For the niaguetic north pole, p- hence (7 .j6m) reduce 

to equations (2.11 ). For the magnetic south pole O- o, p— 1, fp = o, heiue 
(2.T6a) reduce to equations (e.ira). 


4. r 0 h A K I S A T T f) N. 

Let us next discuss the [lolarisatiun of the down-coming wave for any 
station for a stratified, slowly varying ionosphere wiMi finite damping. Since 
tlie e.in. waves whicli arc proj)agated in such a medium arc not transverse in 
the electric vector £, but are transverse in tJie magnetii' vector H and in the 
method of detection, the H vector is utilized, it is customary to express llic 
jiolarisation of the waves with respect to the latter. vSo we start with ilie 
equations of jiropagation of the magnetic vector, 'y/c., 

+ = o (4.1) 

dir 

‘^'ll’f+KJ1„ + iLll. = o ... g.-i) 

du‘‘ 

in place of tlie corres[ioiiding equations (2.6) and I/2.8) foi the electric vector* 
Hquations (4*1) and i^.2) follow immediately fiom {2*6,/ and (^.b) and (Lt), 
Hliminating Hti and Ha? from (4.2) and (4.3) lespectively we get 

8-— J639P 



194 


M. N. Saha, B. K. Banerjea and U. C. Guha 


+ (K, H K,) + (KX,-V) 1 ], = 0 ... (4,3) 

du dii.j 

iiiid + = o ... ( 4 . 4 ) 

du du 

where the deriviilives of K,^ K. alid L have Ijeeii nej^lccled as before. Tlie 


,L',eiieral solutions of (4.3) and (4.4) are 



H, = d A,f 

A.e 

1 A.r 


+ B.t 1 



^ K,- V(K,“K,)^' + .1L" 

•*» I - _ 


K, + K.,+ V(K,-K,)- + 4K^ 


II can lie easily shown that 

si' = '?i', s/ — q.r 

Kelaiiiiiie, oiily the solutions for the down-coniin.e waves, we get 

fl^ = Ai fift-iii + Acj ci<h" • ... '(4.5) 

H„ = H, ... (4.6) 

where q\ and c/.,. are tho.se roots of and res]iectivcly wiiich have the 
iinacinaiy iiarts positive. Substituting (4.5) and (i.d) in (4.1) we get, 

("Qi'Aa + i'vs A 2 — iLBa) c'‘h" + {~q-/ A 1 + A 1 — iL,Bi) < "Ju" ~o 

\vliich being an identity in u yields 

— qi ' A 2 + K 2 A 2 — il, B.j = o 

— q/ Ai +K2 Aj — iL B] = 0 
whence we have, referring back to (4.1) and (4.2), 


Bi „ ■ . Bs _ . qi'—ivg 

A, I. ’ Aa L 


... (4.7) 


b'roin the general solutions of (4.1) and (4.2) it is evident that the.se equatioins 
represent two waves given by 

/f‘l’=Ai i'W, H<y = ]ii 

II^V = A.i cnJii', //< 2 » = B 2 r'’' 7 )'i 

travelling with complex phase velocities clq-z and c/qi respectively. Follow'- 
ing the nomenclature adopted before ff^i* & iVy combine to give the down 
coming extra-ordinary wave and Il'f & give the downcoming ordinary 
wave, and the polari,sation ratios for the two waves aie 
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~~ A, L • > 

q/’ -K m 

If, A, - -'>■« 

cHy.. I HI, ,/n.. i-fi. 


Taking 


ulieic Kt,,r, and y,,,, arc ical (unelions of it, wc eel 

= K „ COS (y„ H- /it), It'^y ~ R„ ,, eus (y,, ,, -I />t) 

as the two true solutions of the i)roI)lem with 

E=E„ cos />/ 1)1 place of E~E., I 'H 

Hence =|.i- - V,. r) 


wlicnce 




Ko h 

lUr 


and 


7 0 i' y 0 ;i' 0 


>T 


arc the ratio of tlic axes and tlio consUuit ]) 1 iasc dilTcrencc bciwoeu tliu v and .v 
coinpojiciits of llic nui.i>jicHc vector respectively. 'I'he e(jualion of tlie p(darisa- 
tiou ellipse for tlie ordinary wave follows iinniedialely hy eliiniiialijic, ' 
between the two eqiialions in (.pS) : We liavc 


IJ 


( o ) 12 




- bin V' ^ 


.‘2, 

- J<,7r CO^^r/, 


'I'his equation shows lluil the axes of the ellipse are lilted to the i e-.pec'live \' 
and A axes, the amount of tilt to the y axis beine, given by 


tan 


f 2 p sin 0 

2^0=- 

J -/J“ 


(t’loj 


'J'hc points of contact of this ellipse 
(Fig. 4) res[)ectively f±R„.i sin*/', ±K„; 


y 



Fig. 4 

Polarisation ellipse for the reflected 
O— wave (northern hemisphere) 


with (he orcumbcribed leclaiiele are 
r pi and ( ± R 0 .. ± P R q t t>in ^fO 


y 



PoJsirisatioa ellipse fur the reflected 
0"“\vave (southern hemisphere) 
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l''or the other wave 


R, » 

!'■ i y. x-yrx=<i>+ 

-IX f .r 


and it can easily be shown that 


... {4.11) 


^ aii<l (y,i,~y, r'i-(y„.,-y„A = ~ 

I’ 

cunseqiienlly the equation nf tlie polarisation ellipse for the e-wave is 
+2^^' 'A? sin 'i> + ir::^ cos‘2^- 

fi- f, fi- 

whic'li shows tile same ellipse rotated through an angle h'or this ellqise 
(Fun 5) the angle of tilt and the i-)oints of contact with the circuinscrpied 
rectangle are given by ; ^ 


Ian 


_ e /> sill (/> _ 

i-p- 


tan + 


( 4 - 1 : 


and ( ± R,. sin 0, ± sin <p ) 

\ '■ A ^ I, 

In the experimental iiietho<-ls of determining tlic ratio of the axes of the 
polarisation ellipse, it is genet ally assumed that the polarisation o> the dowh- 
comiug wave is mainly determined by the lowest layers of the ionosphere 
u'liere N the ion concentration lends to vanish. Recently Kckersly (1945) has 
delcniiined the polarisation of the dowiicoiiiing waves foj /’ = 6.j, 6..] and 7.6 
]\Ic. and lias remarked that in order to agree wdth his experimental results, the 
[H^larisation of tlie dowucoming wave should he determined not by the lowest 
layer t)i the ionised strata but somewhere inside. f 5 inee there is as yet no definite 
and convincing evidence either exiierinieiital or theoretical, of the particular 
strata or the entire layer fixing the polarisation, we have plotted p, the ratio 


of the axes for the o-wave as a function of = 6 — the magnetic latitude of 

o 

the jdace of observations for various values of w, foi r, /.t N — ^o. 

vSense of rotation of the ])olarisation ellipse can be inferred from equations 
(.p8). Since the damping has no effect on the sense of rotation of the magnetic 
vector, Ave infer the sense of rotation for the case where damping is absent. 
Tij tliis case for northern hemisphere tp — o and hence equation (4.8) gives 

= cos (7 o.t + /W) 

II = p sin 

Hence as i increases from 0, H.i'' decreuvses from Ro.i’COsVo.t to o and 

remains positive, while H increases from p Rp a: sin to p Ry a? showing 
that the vector U whose coiiiponeuls are Hx"" and H,/ and which 
describes the ellipse given by (4,9) is moving in the anticlockwise 
direction. Thus for all waves received in the northern heinisnhere the down. 
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Varintion ol the |n>lnri‘^afi()ii ratit^ \ i> ' \\here 

foi vaiidus vaUie,^' ul u' - /'..//i, fca- dilleient jinj-des 
nf propagation p->i means circular polarisation. 

coming ordinary wave i.s pokiriscd in the anliclock-wise direction a.s viewed 
along the direction of inopagatioii. h'ui the extraordinary wave, 

11 j - i\, , cos (7 ,, y?/ ) 

II ;i = — ^ sill {y„ j. 't 1 ) 1 ) 
f> 

Hence as / increases from o, H"- decreases as before bnl //; hecoines nioie 
and more negative sliowing tlial the vector 7 /'“ wliose coiii])oncnls are II ^ 
and Hj, and which describes the ellipse given by (4.1 >) moves in the clock- 
wise direcliuii. Thus for all stations in the northern hemisphere, tlie 
dovvneoming e-w^ave is polarised right handed as view ed along the direction of 
projiagation. 

For the southern hemisphere the sense of the rotation of the tw'o e]li]>ses 
wn’ll be just opposite since for 8=0 in the southern liemispbere in place 
of 0 = 0 for S^o in the northern hemisphere. 
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ON THE CONDITIONS OF ESCAPE OF MICROWAVES OF 
RADIO-FREQUENCY RANGE FROM THE SUN 

By Prof. M. N. SAHA/ B. K. B.ANl-RJlvA and IK C. C.UnA 

I K’rFc/iH'd lor l^iibliraiion, Scj^i, ;s, 

ABSTRACT. Tn this p.ipi r, wr lia\r ilisi'usxt**! fin* i-otidilioips uf r-aMpr- of rinlio^ 
freqiiciicv wavis from Iho solnr nimo^phnc v\illi Hjc aid o( nia^jjiuTooiKjiic llitories ol piopa- 
j^ntion of radi(j-vva\ts tlironj^li an i Miiscd atmosphen- traviasc-d I»y a mnji.(n4‘liV licld. H lias 
bcFii shown from tlieso tlionrics that the magnetiV fichl of the spots actiinllv emihles Hie 
e-conipoiient of the waves to eseape fi*mi decpei layers of the solar altiiosphen* and thus 
pnnides an explanation of the ohservatioiial fart that ratliteuavi-s me actually emitted 
hv tht“ spot reijions thenis(‘lves It is sIioaii that the same' thi^ories gl\e a geneiiil and 
satisfaetary explanation of all (he facts observed so far, c lhi‘ c'inmlar polarisation, and 
sudden intensification of emission w ith the of radio tlares Pt ogi amines foi further 

work are indicated. 


I. I NTRODdC TTON 

111 sevcTtil comimuiifiitinns to AKi/inv and elsewhere, various British, 
Aiihtialian and New Zealander workers have descriBed experiments whirh iwovc 
conelnsively that diirins,; times of solar disUirbaiice, there arc large outbursts 
of radio-frequency energy from the snn. 'I he wave-lengths of the ladio 
waves-, as observed by these workers, vary from 1.5 to .lo metres (,!Oo Me/ sec 
to 10 Mc/sec) and there is short account of a solitary work 111 the centimetre 
region (Dicko and Beringer, ic)/| 6 ), in which emission has been measured by a 
different techuiruie. 

TKe coninniuicalions arc mostly short. The most complete account has 
so far been given by Appleton and Hey (1946). Relevant points from their 

account are given below. , . 

The observations were made when there was outburst of sun-spot activity 
which started on 22nd February, 1Q.16. According to tbeir statement the 
sunspot crossed the solar disc at a heliograpbic latitude 22"N, centra 
meridian passage occurring 01. :8tl. February, 1046. The maximum s,/.e of 
the spot was some two thousand millionth pari of Hie .sun s hemisphere. A 
very extensive and brilliant solar flare occurred from approximate y 12 hours to 
i-o^ hours on 28th Febriuuy, and the accompanying radio fadeoiit winch 
bLn^n just after 12 hours lasted till 20-0-0 hours. A g, eat magnetic .stonn 
broke out with great activity at 7-^=^ hours on and March. Ihedayso 
greatest intensity of solar noise, i.c.. 27th and 28th February, occurred when 
the sun-spot was near the central meridian passage and at the tunc of in ense 

Fellow of the Indian Physical Sockty, 
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sun-spot activity several solar flares were observed in addition to the most 
brilliant one to which reference has already been made. The sun-spot decreas* 
ed in size after the 28th February and at the same time solar noise sybsided- 
The reports so far published make it clear that the metre range microwave 
radiations are emitted only during limes of solar activity. In fact a close 
statistical correspondence between the sun-spot activity and mctie range micro- 
wave emission has been established by Pawsey, Payne-Scott and MacReady 
(3947) and others. 

This close correspondence is further confirmed by tlic experiments of Ryle 
and Vonberg (1946) who, by an ingenious adaptation of the famous Michelson- 
Peasc method of measuring stellar diameters, showed that the actual j'egion 
rrom wliicli these radio-waves are coming subtends an angle not greaterl than 
10' of arc, the solar diameter being 32' of arc. The size of the radioWavis 
generating regions, thus determined, is of the same order of, though son^What 
larger than, the size of the large sun-spot grou[)s (3' of an arc). Pawsey )^f ai 
find by a diflercnt method that the dianietei is about 6'. 

The main characteristics of these solar radio noise, as determined by the 
various workers, can be summarised as follows: — 

(/) 'riie radiation is closely connected with sun-spots, appearing and dis- 
appearing with the latter. 

iii) The radiation has the characteristics of random noise^ the intensiity 
of the spectrum is neither steady with time nor continuous in wave-length, nor 
monochromatic. 

(n/) The intensity of radio-emission is extraordinarily high. — Appleton and 
Hey working on 4.7 metres, found that the radio flux from the active area was 
times that associated with black body radiation from the disc as a whole, 
Supposing that only 1/ 200th part of the sun's hemisphere is active, the inten- 
sity increases to 2.10'' times the black body radiation from the sun’s disc. 

(a’) The intensity is subject to sudden fluctuations occurring generally 
with the onset of flares or other disturbances. 

(•v) Polarisation, — Experiments on the polarisation of the radio noise 
have been carried out by Appleton and Hey (1946) in London, by Ryle and 
Vonberg (1946) in Cambridge and Martyn (1946) in Canberra. They have all 
found that the radio noise is invariably circularly polarised, but otherwise the 
descriptions are confusing. Describing the i)olarisation of waves from the 
sun-spot groups of July 27 to* August 3, 1946, Kyle and Vonberg say: — 

Measurejiients taken over the period July 27 to August 3rd, showed the 
polarisation to be anticlockwise, viewed along the positive direction of propa- 
gation (left handed). Between August 3 and August 7, the degree ot 
polarisation diminished, being virtually completely random on August 7. On 
August 8, 40% polaiisation was observed again but with right-handed 
polarity, the result presumably of increased activity in a subsidiary sun* 
spot." 
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Martyu (1946) working in the soiUhern latitudes (35''$ CauhcTra) while 
observing the same suu-spols occuning in the last week of July 1946 noted: — 

It was found that tlie right-handed drtularly polarised i)o\vcr received 
w^as some seven times greater than that received when the system accepted 
only leftdianded polarised radiation. Three days later, when this sun-spot 
group crossed the meridian these conditions were reversed ; five times more 
power being then received on the left-handed than on the riglil-handed 
system 

Thus simultaneously observing the^ same sun-spot groups the sense of 
rotation of the polarised signal in the two hemispheres were found by the 
observers to be opposite. 

As will be made clear later, it will be helpful to the understanding of the 
phenomenon if, simultaneously with the recording of the polarisation, all the 
characteristics of sun-spols (heliographic latitude and longitude, distance from 
the centre of the disc, magnetic field strength, classification, etc.) are given. 


Measurements joi radiation below metre range 


Appleton and Hey stale that they could not detect any enhancement of 
solar noise on wave-lengths as short as i/ ro metre. Similar obseivalions by the 
T.R-E. establishment on a 3/10 metre yielded a negative result. The radio 
noise associated with the sun-spot activity becomes significant, without very 
special technique, when the wave-lengths ap])roach 1.5 metres. The results are 
in accordance with the observations of MacReady, I’awsey, Payne-Scotl (1946). 
On the otherhand Dicke and Bcringer (1945) workqg in the centimetre range 
and using special technique found that microwaves of 1.25 cm. length 
arc emitted during times of solar activity, the corresponding black body tem- 
peratuie being iiooo'’K. 


2. PRELIMINARY ATTEMPTS AT A THEORY OF THE 

PHENOMENON 

The problem is to find out the physical mechanism which gives rise to 
the radio-frequency waves in the sun and also to discuss how these waves are 
propagated through the solar atmosphere. Let us first confine omselves o 
the second aspect of the problem, for whatever may lie the physical mechanism 
giving.iisfi-lo the radio-waves, it is clear that their passage through' the vaiioiis 
layers of the solar atmosphere would be regulated by lie aws o e ec ro 

magnetism. As is well-known, the various layers of the solar atmosphere arc 

highly ionised, the eleeiron-denshy 


.1 I — 

theories being ro-'/c.e. for tlie photospherk level, lo'Ve.c. for the base o 

the chrmnosphere (500 km above photosphere) which lall lo at 

ta.i^oftlkchro,^osphere(.4ioohnl). 'rbe density thereafter ..Us slowly 
toonghonl the whole corona, but is -io*/c,c, e.en.1 distance of ro solar 

diameters. 
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Tlie quiescent sun has, like the P)arlli, a permanent magueiic field, the 
existence of which was first indicated by the investigations of G. K. Hale. 
On account of its small value, the reality of the efTect has been sometimes 
called into question, but recent investigations by Tliiessen (194b) appear 
to have satisfied the astrophysicists that the field is real. The Value is 25 
gaUvSS at llie solar magnetic equator, and 50 gauss at the magnetic poles. 
According to Hale and Tliiessen the magnetic axis is inclined at an 
angle of to the sun's axis, but fr)r our purpose we can lake the two axes 
to be identical. Besides this small permanent magueiic field, magnetic fields 
of a higher order are developed in spot regions dining limes of solar activity. 

The conditions in tJie sun are, therefore, sonic what similar 16 those pijevail- 
ing in Die Karth’s almosjdiere 'Monos])here) for transmission of radio- Waves 
through it, and the same mathematical methods w hicli have been deveipped 
by Appleton, llaiiree and others, can be used in the i>resent ease \ 

Tlie aiitJiors (vSaha, Banerjea and Gulia, 1947) have, however, cnmifie\ely 
recast the mathematical treatment of propagation of radio-waves through an 
ionised atiiiosiihere which is ti aver seel by a magnetic field, and results from 
this ])ai)er are freely used in the ])reseiil one. The main conclusions of Apj>lc- 
tou are, however, quite sufficient for a preliminary survey of the prohleiiK 

According to these workers, a i)eam of unpolarized radio-waves on entry 
into the ionosphere is s])lil u]) into two waves, which are styled ordinilry 
(shortly called o-wavc), and extraordinary (shortly called c-wave). They 
travel with different velocities, /.c., refractive indices, have different states of 
polarisation and arc absorbed to different degrees. T hese quantities, viz., the 
refractive indices, ]K)lai isation and absoi])lion are functions of electron density 
N, dam]>ing, field-strength H, and the angle of propagation wliich is the 
angle lielween the magnetic field and the direction of propagation. In the 
case when damping can be neglected the refractive indices for the two waves 
are functions of N, II, and ^ and decrease steadily as N increases. When 
/X becomes zero, the wave can no longer proceed forward, but is reflected 
back. The limiting conditions (Appletoii-condilions) for penetration are 
for the 


o-wave, 


N 


nm 


< 1 . 21 X 10-^ 


(2.1) 


where 


e-\vave, N < / (/±/a) < 1.21 x lo j(f±fh) (2.2) 

'1 

y = wave frequency = c/A 
/a ~ gyroma{>nelic frequency for a field H 

~ 2~mc 


= 2.8 X lo^H 

These conditions are independent of <9. 
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. Let us apply these conditions to lliu solar atiiiospheiv. I'or the o*\vavc, 

N < i, 25 x x/2 

< 1.25 X 10*' for / = lo Mc/sec. A = 30 in ) 

I* ... (2, in) 

<C 5 X 10*^ for / — iQQ ^Mc/scc, A — 1.5 in' 

This shows that the o-coinpoiienl of the inelre waves cannot escape from 
the sun unless they orii^inatc in the corona, and thal so progressively in the 
upper layers, as wc take larger waves. I'he o coinponcni of 30 iiielie waves 
can come only from beyond a distance of several diameters of the siui. 

The e-wave should satisfy two conditions ; 

(cf) / should he > //, 

Ih) N should be < 1.25 x x /()-//,) 

(a) shows that the c-coniiionent of microwaves cannot escape from the 
quiescent sun unless f ^ 100 IVIc/ sec, A <; 3 metres, but microwaves of 
longer wavcdenglh have l)een detected, (h) stales that e-niicrowaves sali.sfying 
condition (a) woidd have to originate even in higher layers, /.c., their probabi- 
lity of escape from dcetier layers is much less than thal of o-vvaves. 

These difficulties have been souglit to be exi>lained with the aid of 
the hypothesis that the microwaves actually originate in the higher corona 
to which a temiieratmc of the order of a million degree is ascribed. But the 
hypothesis does not explain why the microwaves are so copiously emitted 
during limes of solar spottedne.ss and are actually emitted, as now appears 
almost certain, from the spots themselves and not from llie quiescent 
regions, unless we make the very improbable assumption that it is only the 
^l)Ols which develop the million degree temperature. The assumption is 
extremely improbable ill view of the fact thal s])ec'tiosco[nc evidence shows 

that spots are regions of much lower lemperalurc than even the photosphere. 

This necessitates the investigation of thepioblein from an altogether different 
point of view. 

Su^Hs^pols and microivcivc emission 

' The sun-spotf=i, accoidiug to the classical investigations of Hale and 
Nicholson (1^25), are found to show magnetic fields ot entirely diflerenl oidei 
magnitude than the quiescent sun, Iroin a few himclred gauss for liny spots 
to about 4000 sauss for the Uiryest ones. Their direction is normal to the 
solar surface at the centre of the spot, but becomes inclined to the surface 

as we go outwards to the pcnnmhral rcRions. as shown in Fir. i. The largest 

number of spots occur in close pairs, showiuR opposite polarity, and even 
those which are apparently single, appear to have an invisible companion, 
having opposite polarity somewhere inside the surface. In fact, the spots are 
known to be hydrodyuamical vortices, passing undenieaUi the apparent sur- 
face, the two ends of tlie vortices being the two components of the bifocal 
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spots. Spot groups show very complicated forms for which reference may 
he made to original sources (Nicholson, 1938) and reports (Nicolet, 1942). 


1 




Fig. I 

Schematic repre&entatiou of Hues of force of the magnetic 

field in the region above a sun-spot (Nicholson). ^ 

Let us now apply the Applcton-conditions for escape of radio-waves from 
the spots, supposing that they originate somcwheic within the spots. 

For the o-componenl, since its condition of escape does not depend on the 
magnetic field, the conditions (2.1) will continue to apply, i.c., the o-coinponent 
of microwaves cannot escape from the sun, unless they originate in the corona 
over the spots. 

We observe that fh = 2.8 x 10^ fe, 

10 7 

where k = value of the magnetic field in kilogausses : so that h = cins. 

ft' 

It is well known from Appleton's theory that the polarisation and refractive 
index of the e-componcut depend very largely on the quantity w = y,,// 
= X/Xa. We have for the sunspots u> = g.^km, where m = length of the 
microwave emitted in metres. Taking = w = 2.i, <o ^ 20, but the 'Value 
may be much larger for longer waves and larger fields. Taking an average 
value of 20 for w, we can easily draw the following conclusions » 
Since u > > i, the condition that the square of the refractive index 
vanishes at the point where the electron concentration is given by the formula 
4nlie^hn<Hp-ph) « absent. If we plot the value of the refractive index 
for the e-wave in the case w > i as a function of electron concentration, me 
find that, when damping is neglected, the (/i.'-N) curve’ is" a smooth .one, 

decreasing, gradully lo/ei»o at N = - ^ /(/ + /;.) Fig. 2), while reaches 


the zero value at N ^ — /‘ ■ 

Since the wave can proceed till this condition is satisfied the litnitiiig 
concentration for escape of the e-wave is given by 

N < 1.25 « lO"* («*s) 
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f = 1.5 X ro* (A =» 3 metres) 

Wc should have N ^ 1.25 x 10“'' x 1.5 x 10" x 2.8 x 

^ 6.6 X io’‘k 



Pig. 2 

Variatioti of the square of the refractive inde.'t of the extraonlinory wave 
with electron concentration for different angles of propagation (for wcao) . 

Tlie ealculatiou shows that the e-componeut can come from far deeper 
layers than the O'Component, in fact from deej) chromospheric layers, where 
the electron density is (i+<*))=x2i times the limiting density for o-vvaves. 

The magnetic field measured for the spots refer to the lowest layers in 

fact, as will be shown later for the reversing layer of the spots. The field 
above and below" must be very different. We have given in §3, plausible 
formulae for the variation of the field above the reversing layer, and these 
formulae may probably be experimentally verified as suggested by Hale long 
ago (vide appendix). 

But these methods are not applicable for finding out the value of the 
magnetic field below the reversing layer, for which we have to fall back upon 
some speculative theories. If the spots are hydrodynamical vortices, they 
should funnel out on reaching the chromosphere, hut their cross-sections must 
be very small just below the reversing layer, and according to Chapman 
(1944), fields may reach enormous values of the order of a million gauss. If 
this be correct the'c-component can escape from far deeper layers- 

3. C H A R A C T B R I S 'J' I C S OB TUB SPOT A T M O S 1* HERB 

Though the -ideas outlined in the previous j^aragraphs make it clear 
that it is the strong magnetic field of the-sunspots, which allows only one 
component of microwave beams to come out from very deep layers, the 
■application of the above ideas to the actual problem of emission requires a 
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more detailed knowlalpc of the physical conditions prevailing: in famous 
layers of the spot- region. 

The physical quantities of whicli kn6wledge is particularly needed in this 
connection, are: I 

(1) The concentration of different kinds of atoms anilmplecules at different 

levels. 

(2) The electron concentration at different levels. 

(3) The magnetic field and its variation with height. 

Methods, based on sound jiliy-sical theories, have been developed for 
(Ictfriiiining the various jthysical characteristics of the normal solar atmosphere, 
with the aid of data obtained from astrophysical observations, account of 
which will be found in Ihisbld’s Stcrnaimoxphdrc and Strom^^ren's 
analysis of the conifiosition of the solar atmosphere. The term 
“Solar atmosphere'’ is used in a comprehensive sense after Rosscland 
to denote the totality of the phenomena known under the terms : the 
Reversing Layer, the Chromosphere and the Corona, and they are treated 
together, because, inspite of the fact that the nomenclature had their origin 
in different groups of observational data, the problems of tlje , three layers 
easily pass into one another. 

It is well-known that the sun-spot and its neighbourhood show very great 
deviations from the norma! solar atniosi>here, marked by fall of tempeMKire, 
develoiiiiient of magnelic fields, and radial, transverse and vertical motion of the 
solar gases, giving rise to diflicull bydrodynaniical problems. A comprehensive 
theory, explaining the whole history and physical characteristics of siiots, is still 
wanting, but our requirements, as given above, are limited. But even here, 
information is very scanty. The elaborate methods, which ha,ye been used for 
finding out the concentration of various types of atoms anij electron density 
of the normal solar atmosphere in different layers, can be applied also to 
spots, but this has not yet been done. Only indirect methods of comparison 
with the normal atmosphere are available (Moore 1931, Richardson 1931). 
For these reasons, it is necessary to review critically the methods used for 
the normal solar atmosphere. 

The normal reversing layer is a region extending froni the level of the 
photosphere to the base of the chromosphere, a distance of 300-500 km. 
The Fraunhofei lines mostly originate from absorption of continuous 
photos]iheric light by the atoms and molecules contained in this layer. 

Several methods are available for finding out the composition of the 
reversing layer, but the results, though of the same order, do not tally with 
each other. According to Russell (1928) the composition (percenfege .of 
atoms) is 91% H, probably 3% He, 3% 0 , 1.5% other elements of which Fe 
forms the preponderating part, and 1.5% electrons- The atmosphere is nearly 
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purely hydrogen, and becom^ mote so SS WO SSiXS(f 

number of H-atonis over i c.c. of photosphere is given by Russef/ 

1,8 X io®^/c.c. 

The electrons in the reversing layers aiul the chromosphere are mostly 
derived frojii the thermal ionisation of melals. 

For the chromosphere very extensive investigation by Wildt (1Q47I, 
based on analysis of flash spectrum data, is available, from which Tabic I has 
been compiled : 

According to Wildt (1947) the concentration of H-aloms in Ihc chromsop* 
here is given by the formula : 

77h = 6.76 X xio-‘‘:;(in cnis), 

The hydrostatic density gradient, on the assumfition of a temperature of 
5 ooo®K is 6. 9 X lo^^cni”^. is, as if the weight of hydrogen has ditnviished 
to .92/6,9=1/7.5 of its value or the tenipcraUue has risen to nearly 35000^'K. 

The electron-density at any point within tlie ehromosphcMC can be 
obtained by extrapolation; assuming the exponential law to hold good, calcula* 
lion shows that = (in nnsi, Yvhere iS=.w^3 x The gradient 

is almost half that of H, as electrons arc not obtained only from the ionisation 
of H but also from the metallic elemcnls whicli are almost completely ionised. 

The values of electron density in the corona (from 20,000 km upwards) are 
given by Buinbauch (1937). These are obtained from a thorough discussion 
of numerous measurements of the briglitness of the corona, on the basis of K. 
vSchwarzschild's l]yi)Olhesis, generally accej>ted, that the continuous spectrum 
of the solar corona is due to ])hotosphenc light scattered by free electrons. 
Bumbauch's calculations (tliis^'dd, j)- 4 ^ 0 ) extend from 20000 km to nearly ten 
times the solar radius, and the density vanes from 4 x to^ to nearly lo’ /c.c. 
The figure for the top of ilic chromosjdierc (i.'i500 km) has l)ecn 
extrapolated by Wildt from Bniuljaucirs liguie. Another calculation based 
on extrapolation of hydrogen densities, gives =■2 x 10 ^' at this height, 
Bunibauch’s figures have recently been revised by Allen (19/16) and van der 

Hulst (1947). 


TAmi 7 T 


bocalily 

bevel above Photosphere 

Hydrogen density 

Electron density 

Reversing layer 

0 to 500 hm 

i 6.76x10^5 

1 


Base of chrotnospbcrc | 

500 km 

1 4 X 10'® 

] .6 X lo” 

Top of chromosphere 

j4,5of) km 

j 2 X 10^'^ 

3.5 X 

Corona 

> :>o,ooo km 

I 

! 3 X loB t(» lot 
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THE MAGNETIC E I E b D IN T IT K SPOT R E O T O N S 
Magnetic field of sun-spots has been systematically measured in the Moun 
Wilson Observatory since the great discoveiy by Hale in 1908^ as part of tin 
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routine programnie of the observatory and tfie results are available in publica- 
tions of the observatory and in various reports. 

For the measurement of the field, the iron line A. = 6i73’346 A, which is 
exceptionally sharp, has been generally used. As this is a line of intensity 5 
on the Rowland scale, and in the chromosphere spectrum reaches only a 
height of 400 km, it can be taken that the fields measured refer to the lowest 
level of the spot. 

But (or the purposes of this paper, we rcquiie tlie value of the spot field 
at higher levels, and away fiom the axis of the field. There appears to be 
no systematic observation on this point, though Hale (1908) was aware of the 
necessity of such observations. He states : * 1 

We have already seen that the strength of the field in spots appariiitly 
changes very rapidly along a solar radius, and is small at the upper leve^ of 
the chromosphere.'' \ 

We have given in Appendix the full paSvSagc from the original paper 
of Hale which suggests a programme for measurement of the magnetic fiekl 
at various levels above the reversing layer of spots. To our knowledge these 
suggestions have not been worked out but they are worth a trial- 

Two different and indirect methods, based on Mount Wilson measuremenL 
of the field over various distances from the centre of the umbra, are available. 
These arc given below : — • 

(i) Broxoii (1042) while observing the effect of the spot fields on cosmic 
rays suggested that the magnetic fields of unipolar si)Ots may be fairly 
a])proximately represented by tlic field of a vertically placed magnet having 
a dipole moment fi- V2aHo/8 .situated at a depth of aj s/ 2 with the axis 
coinciding with the axis of the spot, where a = radius of the spot and Ho is 
the field strength at the spot centre. For complete mapping of such a field, 



Fig. 3 

The co-ordinate system for a circular spot (broxou t>pel 
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' Z-axis 

a oiig MbM and \ -axis perpendicular to the plane of the paper <V\r. 3) As 

the field IS symmetrkal about the axis let us find out the field at any point 
Ka.o.c in the XZ plane. Let also R = M 1 > and f = < PMvS be the polai 
co-ordinates of P with M (0.0, -als/ 2) as origin. 

Ti hen the potential ff at P is given by 


(z + al V 2) 

f 

{.v2 + 

H„ = H, = 3y2 


n = = u ’ 

{.V^ + (c+.,/V2)"1-2 


1 


R* 


JIo ^(>+.^/V2) 

^ '’k‘^ + (?,+ i/V2)“^'5 


PI0 


_ _ fi sin 
R^ 


; H. = 


H« 2(C+l/^^2)*-^- 


(3-1) 


13 = 


Ho 

4 V: 


4^2'}^ + (;+, v/ 2 )“l‘^ 

^''^J^4(i + iN2y^ 
r + (Mt/V2)‘-*}» 


/* 

R 


J \/ I + 3 cos‘-^« 


with 


.V 


.- — /vC 




= as. 


Since in the above co-ordinate systems, 

tail f = xl[z-\-a', >J 2 } — 


(i + Waj 


We have 


cot = H./Hj. = cot 


(3.2) 


3 sin 0 cos </> ^ 

Expression (3.1) gives the iiiaguitiide of the magnetic field at any point 
on or above the spot and to get field direction, we jilot the curves representing 
lines of force given by 


R = A sin^i/i, A=arbitary costant. 

To show how the field intensity varies with distance fi om the spot centre 
and with hei.ght, the quantity H/Ho has been plotted (Fig. 4) against C for 
Values of 5 = o, 'i, ‘5, ‘6, I'o. The topmo.st curve for £=o gives H at 
different points along the spot surface. At the edge of the spot H/Ho becomes 
nearly 14% whereas it ought to be zero. The other curves for t=‘r, ‘3, '6 
and I'o give the field intensities at different points on planes parallel to the 
spot surface at heights of ^o, l o, rh and unit times the spot radius. As we go 
higher and higher above the spot surface, the field becomes moic or less 
constant over the entire plane as is evident from the lowest curve for i;=i, 
which is situated at a height equal to the spot radius. 

Fig. 5 gives the lines of force at different points The tangent to these 
curves at any jioint givc.s the direction of the raagnetic field at that point. 
The thick line SA is the spot surface. From (3.2) we note that ^-constant 
lines are the lines of constant V-. Values of ^ for certain different values 
of 0 are represented by arrows in the diagram. V* 0 is the line coinciding 






Microwaves of Radio Range from Sun 


211 


( 2 ) Chapman (1943) lias another approach to tlk' piobleni. In’)! 

finding ouv the spot fields at dilTereiit j)oiiils, he argnes tns follows ; 

If the two ends, whelliei of the straight ot seniicircular magnel, are 
sufficiently far apart, we can calculate the magnetic field near each as if the 
other were not there. Suppose the surface density n- (of niagjietic poles^ 
over the end deiieiids only on the distance r from thecenlie oi the siiol ; 
and the magnetic intensity H and its inclinalioii will likewise deiKtul 
only on r. I have calculated i/' for various relationships l)et\\ ecu ' t- and r 
in order to find out what distribution of a- would agree ap^pi oximately with 
Nicholsoirs iiieasuremeiit of i/' foi a sun-spot. 'I'he details aie omitted hue. 
1 give only the results for tlie assumed variatiim of surface density, 


0 — 



(3-3) 


Taking the same axes as before, the magnetic pontential at a i»oinl P (a , o, c) 
is, given by 


a= 






aAp cos 0 cos ^ +■ 


(3-4) 


where ^ 

a" z 

This is an elliptic' function 111 A.'’ 

Since for our ])ur]JOse of investigating the piopagalion ol e.m. \vaves in 
the solar atmospheie, we are not much concerned with the actual vaiiaticm 
of the field over the surface of the spot, but mainly with the ordei of 
magnitude of Hon and al)Ove the spot and as our line of argument will be 
the same for dificrenl kinds of variations of the magnetic fields, we do not 



Variation of the value of the n^agnetk field along the axis of a spot acrerding to Ohaptnau ^A) 
andHroxon (B)- « distance along the axiii, a = radius of spot. 
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proceed fnrtlicr with Cluipnian b assnmijlions, but stop here merely comparing 
the variation of If foi the axial case for Chapman and Bioxon fields. 
For the axial case cxj/ressioji (3..^) ^>ives 

. {(Si;'' (3-5) 

3 

Values of H/Ho have been plotted amuust ^ foi 4 '“^ (axial case) for Cha])iiian 
fields (A) and lb 0x011 fields (B) in Fit*. 6. The e,cneral trend ol the two curves 
is the same,' but Chajjiriaii \s values are somewhat hi^clicr. We find that in both 
the cases, for larue spots oi radius a = 2b, 000 kiii, and F ^ large fitjlds 

of tlie order of iooo I' ]>ersisl at heights of the order of 15,000 km, /.r., (the 
to]) of the cliromospherc. For such spots the fields reduce to approximately 
13 to 3 0% at 30,000 knu \ 

4. PRO PAG AT TON OF K. M. W A V E S \ 

We are now in a position to discuss the actual problem of propagation 
of radio^waves lliruiigli tlie solar atmosphere sui rounding the sjiols, on the 
supposition that these waves have their origin deej) wilJiin the spots, and are 
consequent on the physical jiroccsses taking place within the sun which give 
rise to spots. 

As mentioned befoie, the propagation depends on : N, the electriDii density,' 
H, the magnetic field, i'l the damping coeflicieiit = v//; where v is the number 
of collisions suficred by an electron per sec, ^? = pulsatai3ce=27r/, 6 the 
angle of propagation, which is the angle between the direction of propagation 
and the positive diieclion of lines of force. We have discussed N and II, 
we shall now discuss the other quaiilities. 

(a) The damping factor S — v/y? 

In the reversing layer (500 knis), we have T ^ 6000 n = concentration of 
atoms mostly hydrogen = 4.io^ ^/c.c., 11 , = electron density 10^^ per c.c. 
The mean free path of electrons is, therefore, L, where L is the 

mean free path of heavy particles. 



c =meau molecular velocity of electrons 

= ^ 5-io" cms. 

\ ih. 

Hence v^c/L, 2.10^ sec“’^ 

Taking A = 2m, /=l.5.IO^ 

and ^ 2.10 

The value of 8 is thus seen to be very small even on the reversing layer. In 
the higher layers 8 tails very rapidly and therefore it is justifiable to negiert 

damping altogether. 
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(6) The angle of propagation 

Let the globe represent tlie sun, C its body centre and Cli the direction 
of the Karth- IWvS the centre of ihe visible disc. Let S be the posiliun of 
the centie oi the umbra of the spot. 



Position of spot as seen from tlie earlli 
S-position of the spot on sini (after Sinai t, 

Spherical Asltononiy), 

Then tlic cliix'Clion of tlie spot .-ixis, and of lla- ccnlra] nia^^nelic fitld of 
llie si)Ot is idoiis CS. The uii.ule I'X'S, whicli .generally denoted hy f> (hut 
we shall denote it hy \ as /i lias been used in a diflerent sense), can he oliUiined 
by calculation lioin daily obsc/valion of the siiot (vide Smart, St’lietind 
Aslronomv, p. 172). When the spot lirst aj.pears on the east limb, x = (jo'’, 
but there is hardly any ohservatiou available at the fust a])pearancc of the 
spot. Observations generally start after a day, when x =“ 75". then f’radually X 
diminishes day by day, bat even during central meridian passage X is generally 
different from zero, excejil on very rare occasions. Ailcr central meiidian 
passage, X again increases day by day till it is go” when the sj.ot disajipears 
on the we.st limb. 

C/ioicc 0 / /l.rf.s-.— The plane bX'S may be taken as the (XZ) idarte, CK 
beirtg the axis of Z, the axis of X being [.eriicndiculai to Civ m (be j.lane 
ECS. The axis of Y is perpendicular to the iilaiie ol IX S (lM,g. of. 

W />r(i/>aga/ma.— (SeeFie.. b) According to .mr as.sumplion, the 
source of t , dio-waves i.s the funnel shaped volume about S, with CS as axis. 
The volirrtre comprises the whole conical simce of the solar atmo.sphere wrtli 
the spot as the base, which is travcr.sed by the lines oi lorce. II the lures of 
force were everywhere pardlel to CS, 6=-x it the polarity of the spot were K 
(lines of force away from the surface) and =•■ 1 a “X ! if polarity were V 
(lines of force passing into the surface ). 
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Unt such is not ihc case, as the lines of force curve away from the direc- 
tion of CvS, as discussed 111: 3. Let us find out the auRle ^ for any point P 
wililin the spot. 'I his is the aiiRle between CE, and the tangent 
to the lines of force at P. These make an angle ^ defined by (3.3) with CS, 
at an aziinmh o( = tan~’ jj/^. 

6 varies between x + '^, X"’/' as a varies between o and a"-. 


Z 



Fig. 8 

rianc through Earlli, Snn’.s centre and .spot 
centre, shenA'inp Jjow anj^lc of propngntuni of 
waves vaiics in tlie m-iglibonrhood of spot. 


The equations of propagation of the radio-waves through the sjiot atmos- 
phere can now be written, using the symbols of the previous paper. 
They are '• 


(E j: + I'F 1 E (, ) + q-o^CE * + lE 1 E ») = 0 
for the o-wave 

d"^ 

and -j-.r (E* + I'FaE,,) + q%(E, + iF2E») =0 
for the e-wave 


• •• (4*1) 


where 


U^2nv.iK, Fi = Vl-t-g’-f- I g I, F2= v'l + g^ + l g|, 
g=a) sin 2^/2 cos 0 (r — i) 

2 r 

^ - for r <I I 

I + OJ sin B + Igl) 

■■ 

=, j ^ ^ 

I - «i) sin 6 ( V 1 -I- sr® ~ I g i ) 


(4.2) 


and 
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I — w sin ^ ( V n g’** + !gf ) 


for r< I 


(4.8) 


— I - ■ ^ > J 

I + w sin 9 ( V I + + !gl ) 

Tbc waves will be able to come out as long as q„'- and q,,’ are > o. U't 
us first investigate tlie ])i-oba1)le values of q„= and q,' in the spot region. They 
vary from point to point and we give (he valnc.s of tlie relevant (]uantities 
for A = 1 .5111, f— 2.10^ /sec. 


Wc linvu 


No = 




=5.10 


N 


1..1 X n. 


Reference to paper (I)* shows ihat whalevvi the values of u* and 0, q,® 
always tends to zero at 1 = 1. This happens at a hei.uhl of 13500 km. vSo all 
o-waves coming from below tliis liei^hi are uiriied back. 

As regards the e-wave, tlie transparency extends to the point wlicre 
r— i + w. For the present ease, we assume that N, the ion-coiiceiitration 
varies according to the law N — isTor”'"’ ' (vide Table 11 ), The e-wave can 
leak out from levels where 1 < j For the present case this happens at 

z > 3900 kins. So the whole column, above a height of 3900 km, would be 
transparent to the e- waves of wave-length 2111 (Fig. 9). 



Fig. 9 

The dotted curve shows the varmtion of r = ^^^th height ove. .hc' spr-t f-. A .. 

The other curve gives (i + «) as a function of height , 

• Saha, Hanerjea and Guha, 1947. J- Phys., 21, jSt- 
3— 1639P— 5 
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It is easy to see that the shorter waves would be able to CQine from corres- 
pondingly deeper layers. 

Polarisaliou and sense of poiaiisation of the Detailed description 

of measurements of polai isalion is not available ; but in all the short notes 
which have been published it is stated that the polarisation is circular, even 
when the spots are close to the limb. Some state that the sense of polarisation 
changes on crossing the meridian (Martyn, 1946), while otheis do not find any 
such change (Bowen, 1946)- 


Table II 


Level above 
photosphere 
in km 

N. 

ir 

Normal 

Atmospliere 

) 

Spot 

Alinosphere 

T1 (Broxon) 

\ 

\ 

V) \ 

0 

1.6.10^^ ce 

320 

176 

36oor 

50.4 

500 



141-9 

3330 M 

46.6 

1 ,000 

1.04. ,, 

208 

114.4 

.3063 „ 

42.9 

j,5oo 

S 37.10’“ „ 

167 

91.85 

28P5 » 

40.39 

2,000 

6.80.10^° ,, 
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•25 

187 .. 

2.62 

50.000 

1.7,10" „ 

‘34 
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.11 
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* This value is not extrapolated from the curve * , but is an experimental value 

obtained from coronal data. 

(ij These values are taken from extrapolation of the values of electron concentration in 
the corona obtained from scattering of light by free electrons given bj Bambauch (See 
Physik der Stern-atmosphare, page 440, 1938) and recently coirected by Allen (1946), 
»nd Van dc Hulst (1947) » 
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It is only possible to make some .general statements about polarisation 
from oui theory. Wc have Hv/Hi — \/i (he o-wave, and 
the e-wave. Since g is changing at every point, so polarisation of the wave, as 
it is piopagated through the solar atmosphere, is constantly changing. A large 
1^1 means lineai polarisation , a small '^j means circular polaiisation Inside 
the chiomosplicie |^| is large, hence the waves will be "‘linearly [»olarised’\ 
But as tlie waves pass through the corona both t«» and 1 tend to vanish aiul 
o) sin^ 6)/2(r-i) cos 6 is a very small quantity, c.g., it is .066 for 0 ^^ 120^^ at a 
height of 10^' km above the photosphere and hence and the waves 

become circular. 'I able II gives the values of r and 01 for the spot atmosphere 
at vaiious heights. 


The sense of polarisation would depend upon the value of 0 - 

The waves have to pass through the Karlh's ionosphere before we receive 
them. But in this case 

/\ iT N C ^ N j/i. — 3 • 

y=r ^ ~ y.ig OO35 COS- 0 O. 


tup 


5.10 


Hence Fi = F:: = i, he., the magnetic field is too weak to cause any change in 
the polarisation of the micro-waves from the sun. 


5. GEN^K/VIv DEDUCTIONS 


It is not possible to penetrate more deeply into the phenomena with the 
aid of our theory, unless the observations become more refined and tlic 
technique is improved, but some general statements can be made* 

The equations of propagation show that the escai)e of waves and the 
sense of their circular polarisation are extremely sensitive to the value of 
the spot field and the concentration of electrons. In our treatment we 
have taken the source to be single spot («-lype), but observations have 
shown that majority of spots are bipolar, consisting of a leader and a follow, er 
with o])po.silc polarity, whose field -strength undergoes raind changes with 
the age. Bet us quote from Chajmian (1943) • 

“vSun-spot Dipole Moments.— Hale found that most sunspot groups at 
sonic stage in their life-history, show bipolarity that is to say, they include 
two spots, or two regions or groups of spots, of opposite magnetic polarity, 
one red (R) and the other violet (VJ. At other stages, however, there is 
often only one spot, of like polarity over all its area ; this is called a unipolar 


spot. , ^ r 

A typical spot group begins as two small spots, or two groups oi spots, of 

opposite poltpity, nearly in the stone latitude, and 3" or 4" apart in lonBitude. 
The tevo principal spots prow rapidly and separate m loiigilnde to a distance 
of lo" or mote; the rear s|K.l attains its ntaxiniuiii area in 3 or 4 days , the 
leader attains a large, ntanintnm area in 7, S or , days, many 
develop within the group, mostly near the Iwn mam ones 1 e p 
moment of the gronp is greatest when the spots are largest and farthest apMt. 
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CoJisider a notable case, Hial of the great bipolar group M. W. 6725, 
8° S, consisting of Uvo gieal spots er.ch of radius 20,000 kiii, about 14'" apart, 
together with many smaller spots between; for this group H == 3900!" ; con 
sideririg only the two large spots, the dii)olc moment is 5 x 10^ k^n , i-e., 600,00 
limes asgieat ns tlie liartli's dipole moment, and about 1/170 of that of the 
sun. The sun-sjjot dipole moment is of course horizontal, and nearly parallel 
lo f lie sun’s equator, ihoiigh thc' lea<ling sjiot is generally somewhat nearer 
to the equator than is the follower. At the equator the dipole axis is along 
the equator, and according to W. Brunner its inclination to the equator 
increases with latitude to about 16'' at 30" latitude." 

Many of the sj)ots whose radio emission had been under investigation 
during the last and the jiresent year, aiqjcar to have been of this tyjie. j 

In such cases, each one of the component s[)Ots with different polarity 
will emit microwaves of different intensity ami with circular polarisation of 
opjjosite sense. Though the waves from each spot may be co-herenti the 
waves from the two spots may not be co-liereiit, like light from two distinct 
sourcus. 'riiis ai)pears to explain in a general way the observations of Ryle 
and Vonberg, Martyn, and of Appleton and Hey, But it is desirable that 
radio^iservalious be coujded with simultaneous ol)servatioiKS oi tlie polarity 
and field stienglli of the coiniiouent .sjiots. 

When the s])ol group is of tlie y“t3 [)e (multipolar and without demar- 
cation) the j)o]arisation may be randoim ^ 

Sudden changes in in tensity. — Sudden changes 111 intensity are expected 
when H and N change suddenly. Tliis liai>pens during flares which, as 
Cleovanelli (1945) has shown, aie connected witli the y-type of spots, where the 
field strength uudeigoes lapid clianges. This may affect microwave emission in 
two \^ays, (1) sudden increase in the value of IJ, will allow the e-component 
of the microwave to come from deeper layers and vice versa, (2) if the physical 
mechanism of emission given out by the senior author (Saha, 1946) be correct, 
sudden fluctuations of magnetic field will induce more copious emission of 
niicrow^aves. , But this point requires further investigation. 

APPKNDIX 1 

The line A = 6173.346 is the weakest member of a d^p''''D^ 

multiplet of Fe. Its position is given in table mentioned below : 

The multiplet is d^s*"'D— d^s'T according to Russell. The excita- 
tion potential of the "TJo level is 4.21 volts (v= 34121 cm"^). The other 
lines of the multiplet, notably 6137.005, and 6151.630 etc* arc also sometimes 
used for measurement of the sunspot fields. 

The theoretical Zeemann-pattern of 6173.32 is given by Av=: +a(o, 5/3), 

This is also experimentally verified* The Mount Wilson values of 
magnetic field are obtained from comparison of laboratory data with observa- 
tional data, and are therefore independent of particular Zeemann-i)attern* 



Mu 


icrowaves of Radio Range from Sun 


2/9 


SPl 




5 D« 


6 i 73'346 

I6IQ4T9 

(400) 




5D1 


5 

i 6 oSty 79 

(500) 


61 37 '-*3 

1 6291 >'n<) 


5^2 


‘>297 ^^3 
i.S «74 i(' 
( 50(3 


sT', 


5 l>( 


0 1 

10 


(^2 19' 190 




i.S7So‘x j 


(5t)o. 

ISO(i) 

* 


1 


1 

i‘> 



6431 i'S6 

16251 ’35 


15543*73 


! l.soo) 

(800) 


Hale's sug^cslioii jo\ iiimsmeiticuf of >titii;uctic fuhi in Ihc 
liishfi Inycis of ihc sjioi 

" Ou consideratious it will be seen, however, that the sepaiiitioii of the 
doublets must depend, iu some dejiice on the disliibiitioii of the absorbing 
vapor in the solar atmosphere, and 011 the coefficient of absoiption of the 
particvilar line employed. A striking instance of this kind, alTecting lines 
of the same scries, is illustrated in the case of hydrogen, described iu a 
previous paper.* Although tlic Hn line extends to the upper jiart of the 
chromosphere and prominences, the mean level represented by its absorjition 
is much lower than that given by Ha. The conseipicnce is that Mo enables 
us to photograph the solar vortices, the characteristic stream lines of which 
do not appear at the lower Hs level. vSiniilarly, if the intensity of a given 
titanium line falls off rapidly, the level represented by th!.s line may be com- 
paratively low. If, on the other hand, its intensity curve is of such a form 
as to indicate that the absorption at higher elevations jilays an important 
part, the mean level rcprcvscnted by the line may be considerably higher 
than in the previous case. 'I'o settle this question we must know ; 

(i) The range of elevation in the .spot of the va))ors of iron, titanium, 
and other elements: 

(3) The inten.sities of the lines of the-se eiemerils at difleienl levels ; 

(3) The rate at which the strength of the field decreases upward. 

Xn the absence of ijiformation rcgaiding (he fiist two jtoints, we may 
enquire as to the probable relative behavior ot iitanium, iion, and other 
elements if the distriliution of the vapors at different levels were the same 
as in the chromosphere. From a di.scussion of a large number of photo- 
graphs of the flash spectrum, made by different observers at .several eclipses, 
Jewell has compiled a table showing the heights above the sun's limb at- 


* Solar Vortices. 
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lained by various lines in ilie blue and violet The heights for titanium 
range from too miles (j6o ktn) for 4466.0 to 3500 miles (5640 km) foi 4466.7, 
Avhile certain strong ciilianccd lines in the ultra-violet leach elevations of 
6000 or Sooo miles (9660 or 12,880 krn). For iron the inininium height is 
200 miles (320 km) for 4482.4 and the maxinuim looo miles (i6jo km) for 
4584.0. Chromipm ranges from too miles for 4280.2 to 1200 miles (1930 km) 
for 4275.0 ; manganese from ** too miles or more for 4451,8 to 800 miles 
(1290 km) or more ” for 4030.9; vanadium from 100 miles for 4390.1 to 
200 miles for 4379.4 . It thus appears that the range in level rejireseiiled 
by the titanium lines is much greater than for the lines of iron, chromium, 
manganese, and vanadium. If the vapors were similarly distributed in spots, 
the maximum strength of field indicated by the titanium lines shpiild 
therefore correspond with the maximum value for iron, but some titanium 
lines, produced by absorption at higher nic^n levels, should give Iqvver 
field strength. Chromium should agree more nearly with iron. Vaiiadiunii^ if 
the less refrangible lines reach no greater elevations, should give closely 
accordant (maximum) values for the field sticngth. It will perhaps be 
possible, with the aid of tlie 30 feel spectrograph, to dctciminc the 
relative levels in the chroinosjdierc attained by most of the lines in (picstion, 
but it is a nmcli more difficult matter to do this for sun spots. I hope, 
however, that our new specliohcliograph of 30 feet focal length may throw 
some liglit on this subject.'' 

It is evident that these considerations will have no bearing on the 
present problem unless tlic field strength decreases very rapidly upward in 
si»ots. That this probably occurs is sliown by the fact that the D-lines of 
sodium and the b-lines of magnesium are usually but slightly affected in the 
spot spectrum, t displaced through a very small distance when the 

Nicol is rotated. Thins, at the level represented by thCvSe lines, which attain 
elevations in the cliruniosphcrc probably not exceeding 5000 miles, the field 
strength is reduced to a small fraction of its maximum value. 
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X-RAY STUDIES OF ALKALI CHLORIDES DISSOLVED 

IN ftO^LASS 

By SUBODH KUMAR MAJUMDAR and BHUPATI KUMAR BANERJEE 


(Received for puhlicaliont Auff. b, j 

fPlates VIIA, VIIB and VIIC) 

ABSTRACT* X-ray iiivostigalioii is made of NaCl-B20.'j, and 

syAstciiis and the effect of dilfi rent concentrations of alkali chloride in glass has also 

been sliulied. 

II is found that alkali chloride retains its characteristic structure and in some cases it 
induces crystallinity in the glass itself. 

INTRODUCTION 

111 previous conunuuicatious, Majumdar and co-ivorkers (ig42, 45, 46) 
have published the results of X-ray diffraction of alkali halides dissolved in 
boric oxide and borax-glasses. The salts investigated have all polar linkages 
and the equilibrium in such cases, according to the simpler electro-static 
theory of Born and others (1Q38), is the result of mainly two forces, viz., the 
Coulomb forces between the ions obeying the inverse square law and the 
short distance repulsive forces. It is well-known that in aqueous solutions 
the lattice is destroyed primarily on account of the weakening of the electro- 
static forces in a medium of high dielectric constant, .such as water, and the 
so-called ionisation occurs. It is conceivable therefore that if these polar 
salts could be dissolved in a medium possessing not such a high dielectric 
constant as water (lying between 6.5 -7.5), the weakening of the electro- 
static forces may not be so great as to cause ionisation but large enough to 
produce an enlargement of the lattice. It was with this object that alkali 
chlorides were dissolved in l)oric oxide and borax glasses and the properties, 
of the melt after solidification were studied in various ways, viz,, refracto- 
metrically, by X-ray diffraction and by studying their diamagnetic suscep- 
tibilities. 

The earlier investigations led one of us (Mtajumdar, he. cii.) to believe 
that there was an actual enlargement of the lattice of these crystals when 
dissolved in the above-mentioned glasses. The subject has since been studied 
using more refined methods and using more powerful X-ray generator and the 
results are recorded in the present paper. 
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According to modern conception reg^arding structure of glass due to 
Zacliariasen (1932), Warren and otliers (1938), a sort of non^tclu'^aiiti^ net- 
work exists in the glass as opposed to the regular space-lattice obtaining in 
a true crystal. And hence haloes or diffuse lines are obtained with a glass in 
X-ray diffraction experiments instead of sharp lines obtained with true 
crystals. It is of interest, therefore, to examine if the X-ray diflrnction 

patterns of crystals dissolved in a glass reveal sharp lines due to the dissolved 

crystal and the faijit haloes due to the glass. As a result of a large number 
of cxperijiients this expectation lias been realised in every ease. 

Warren and his co-vvoikers (ic)37) have sludied the diffraction i)hotogtaphs 
given by BoO-.^-glass, using I'ourier analysis method and have come to the 
conclusion that in the glass, each boron atom is linked with three other oxygen 
atoms, ill a triangular arrangement. Warren and IgM'ing studied the SiOy- 
Na20-glass system with Na.^t) content varying from () to 46% Na^O- With 
small NaaO-contcuts, the pattern shows a single stiong peak at ^-, = 0.12, 
but with increasiuK Na2t)-coiitcnt, the peak diiniiiishes in intensity, while a 
uew peak at 8 appears in the picture ami this peak becomes more 

pronounced with increasing soda-content. It was also found !)y these authors 
that with increasing alkali oxide content, B-t)-B distance changes and there 
is a shift from the planar threefold configuration to fourfold tetrahedral con- 
figuration. The present comimuncatiou records the results of the following 
systems: — NaCl-B203 ; KCl-B.^Os ; RIiC'l-BaOs. 

F, X P IS K I M F N T A L 

The salts as well as boric acid of Merck Pro-Analyse quality were re- 
crystallised from conductivity water and carefully debydralcd first in an air 
oven and then in a vacuum desiccator for several days. I'be presence of traces 
of moisture was tested by taking a sample in absolute alcohol and treating 
with anhydrous copper sulphate. 

The anhydrous B2OJ and the salt were then quickly powered and heated 
in a ijlatinum crucible over a Meeker burner for several hours until a homo- 
geneous melt was obtained. The crucible was then chilled and the solid 
extracted. liach piece was tested in a polarisation microscope for optical 
isotropy. The samples were then powdered, enclosed in a thin-walled capillary 
lube and the Debyc-Sclicrrcr photograph taken. The alkali-content was 
determined by estimating chlorine volunietrically by back titration method, 
and in some cases checked by gravimetric method. 

X-ray from a Hadding tube with copper anti-cathode run at a voltage 
of about 40 KV and a tube current of 4 -S“ 5-5 milliamp, after collimation 
Q3i-,-ow circular slits was made incident on the sample in the form 
of a stick of I mm diam. placed along the axis of a cylindrical camera of 
3.90 cm. radius. The glancing angle 6 in degrees is obtained from the 

4-1639P— 5 
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equation, ^=^><57,3 degrees, where x is the distance in cm. between two 
similar lines in the negative and r, the radius of the camera. 

An exposure of 10-12 hours was necessary. The analysis of the results 
are shown in the following tables, in which s stands for strong, m for medium, 
tv for weak and v for very. 6 ^ and stand for angles due Ka (i.539 A) and 
Ki 9 (1.389 A) due to copper radiation. 
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Table II 


NaCl-BaOa (Sample A2--5.23%Naa) 
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Table III 

NaCl-BaOg (Sample A3-7-83%NaCl) 
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Table IV 

NaCl— B.O,. (vSaniple A.,— 14.00% NaCl) 
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Table V 

NaCl — B3O3 (Sample — 23.53% NaCl) 
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R 

37 ” 46' 

37 ° 42' 

^420) 

S 

43" 5' 

42' 5' 

(422) 


Table VI 

KCl— B3O:, (Sample— 13 —1.01% KCl) 


Intensity 

Observed 

e 

Calculated KCl 

« 

HjO 

3 

0 

Plane 

e 

Plane 

m 

13; 57; 

14“ 12' 

(200) 

14“ 7' 

10 

w 

15 10' 

... 

... 

15' 24' 

I 

vw 

17° 52' 

.*1 

... 

18- 5' 

i 

w 

20* 12' 

20* 17' 

(220) 



w 

25 ** 5' 

25° 8' 

(222) 
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Table VII 


— BjO, (Sample B, — 5.99% KCl) 


Intensity 

Observed 

e 

Calc. KCl 

13 , 0 , 

6 

Plane 

0 

I 

mw 

B 

7 

8“ 

la' 

II' 




r 

30' 

( 5 J 

W 

11“ 

31' 

, 


• t. 

n" 

52' 

(1) 

s 

la" 

43' 

12“ 

4 / 

(200)/!! 

12" 

25' 

(i) 

s 

13” 

21' 




J 3 “ 

16' 

(10) 

ms 

14“ 

9' 

14" 

12' 

(20(0 

14 " 

7' 

(10) 

mw 


14' 



... 

i. 5 " 

24' 

(I) 

6 

16 

23' 




16“ 

42' 

(1) 

mw 

17 * 

57' 

i8* 

3' 

(aao)« 


w 

18“ 

55' 




18" 

SA' 

(i) 

w 

20“ 

17' 




20“ 

» 7 ' 

(2) 

ms 

20* 

40' 

20'’ 

>7' 

(220) 



w 

21” 

27' 




2l“ 

6' 

(i) 

mw 

22” 

48^ 

22* 

32' 

(222)^ 



w 

24“ 

19' 

. 

1* 

... 

24" 

”38' 

Vi) 

m 

25“ 

9 ' 

25" 

8' 

(222) 



mw 

28‘’ 

40^ 


, , 


28” 

58' 

ii) 

m 

29 * 

4 S' 

29” 

2a' 

(400) 


... 

m 

33 " 

10' 

33 " 

14' 

(420) 




in 

36- 

58' 

36" 

S6’ 

( 422 ) 



... 


Table VlII 

KCl— B*03 (Sample B,— 8.77% K-Cl) 


Intensity 

Observed 

B 

Calc. fcCl 

B, 0 a 

0 

Plane 

B 

I 

m 

7“ 

15' 



... 

7“ 


(51 

s 

8 * 

14' 





• • 

... 

w 

11“ 

27' 




11* 

52 

(l) 

s 

12 ” 

13' 




i 2 * 

25^ 

(i) 

s 

12 * 

56' 

12 * 

47' 

(aooV 

n" 

16' 

(ro) 

tna 

13' 

46' 

14" 

12' 

(200) 

m" 

7' 

(10) 

mw 

IS* 

y 



... 

15" 

24' 

(J) 

ms 

16* 

13' 



(220)fl 

16“ 

42' 

(i) 

inw 

17" 

48' 

18* 

3' 

iS” 



w 

18" 

43' 




54 ' 

W 

20“ 

0' 



(220) 

20" 

7 

(2) 

ins 

20* 

aa' 

20“ 

n' 



(i) 

w 

21* 

0' 



< 322 )/, 

(222) 

(iOO) 

(420) 

(422) 

ar 

6 

mw 

w 

m 

raw 

ra 

m 

ms 

22° 

24° 

24' 

28° 

29; 

33 * 

36* 

46' 

13' 

58' 

33' 

45' 

14' 

38' 

22* 

25" 

B 

29, 

36° 

32' 

"8 

22' 

14' 

56' 

24' 

28* 

’38' 

■58' 

(i) 

(4) 
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Tablb IX 

KCl-DjOa fvSainple B*— 13.53 KCl) 


Intensity 

Observed 

e 

Call'. 

KCl 


e 

Plane 

6 

I 

w 

f 28 



f y> 

'5) 

s 

8** 12' 

». • 

. . 

... 


m 

ii*' 30' 

• » « 


11* 52' 

<v 

R 

12“ 42' 



12“ 2S' 


s 

13“ 22' 

12" 47' 

(200)/, 

13“ 16' 


‘ fl 

14* 12' 

14“ 12' 

I200) 

i 

'V 

w 

15” If/ 


... 

'5! 

(T)\ 

s 

16“ 16' 

. . . 

1 

i6' 43 


m 

17* 56' 

18“ 3' 

(220)^‘ 


a A 

w 

S3' 



18“ 54' 

(i) \ 

s 

20" 16' 

20“ 17' 

(220) 

... 

V ' 

w 

21* 20 



21* 6' 


mw 

22“ 48' 

22“ 32' 1 

(222)/^ 



w 

24“ 28^ 


... 

24' 38' 

(41 

a 

25* 13' 


(222) 



ni 

28“ 58' 

29" 22' 

(400) 



w 

29" 54' 

29*‘ 38' 

(420)/.? 



8 

33^ 17' 

33' 14' 

(420) 

... 

... 

6 

37 

36" 56' 

(422) 

... 



Table X 


RbCl— D/), (Sample Ci— 1.44% RbCl) 


Intensity 

Observed 


Calc. 

BbCl 

BjOj 




9 

Plane 


0 

I 

ms 

6 * 

57 ' 




6 “ 

45' 

is) r 

ms 

7* 

50' 



fiii) 

7' 

30' 

( 5 ) ’ 

ni 

s 

li* 

la' 

27' 

5 t' 

n* 

42' 

13“ 

'i6‘ 

, (10) 

s 

13" 

40' 

*13' 

33' 

(200) 

14“ 

i 

(10) 

m 


48' 



{220)p 

15' 

24 

(i; 

mw 

17“ 

44' 

17* 

23' 



... . 

ms 

mw 

T 9 * 

20 

27' 

55 ' 

19 

20" 

2C 

31' 

(220) 

1311)/* 

20* 

/ 

7 

(2) 

vw 

21* 

50' 

21* 

29' 

( 222)/9 



... 

m 

22* 

57' 

22" 

S3' 

(3IT) 




mw 

24* 

14' 

23“ 

57' 

(222) 


... 

... 

w 

28* 

10' 

27 * 

57' 

(400) 


... 

... 

w 

3 T* 

# 

3 T* 

36' 

(420) 
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Tabw xr 

RbCl— B;(), (Sample Cj — 2.07% RbCl) 


Jut, 

( )bsorved 

Cull'. 

RbCl 

BjjOj 



tf 

Plane 

0 

I 

m 

K 9 ' 



7*30' 

( 5 ) 

w 

8 31' 





s 

9*25' 





w 

iq“ii' 





w 


n'"42' 

(ni) 

11 * 52 ' 

( 1 ) 

D1 

I2“29' 

12“ 13 ' 

(aoo)^ 

i 2 *a 5 ' 

(1) 

m 




i3'i6' 

ho) 

s 

13*51' 

13*33' 

(:joo) 



W j 

14*24' 



14* 7' 

(10) 

ni 




15*24' 

(X) 

w 

If) 31 



i6*4a' 

(>/a) 

niw 

I7*i5' 

17*23' 

(320)S 



ru 

19 39 


(aao) 



w 

2 o*3(j' 

2 o"3i' 

( 3 ii )/9 

20* 7' 

(a) 

w 

2I*4(/ 

1 21 “ 29 ' i 

(222)3 



mw 

23" 7' 


(3»J) 



m 

24*15' 

! 23 -* 57 ' I 

(a22) 



tiiw 

27 “36' 

27*57' 1 

(400) 

1 


111 

3 ** 57 ' 

31*36' 1 

( 4 * 0 ) 



w 

1 

34 53' 

35*1 ' 1 

(422) 




TAm.E XU 

RbCl— BaOa (Sample 0,1—3.154% RbCl) 
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Tablb XIII 

RbCl-BoOg (Sample C4 — 6.95% RbCl) 


Int. 

Observed 

Calc. 

RbCl 

BjOj 


0 

0 

Plane 

0 

I 

w 

I2‘’25' 

12 "l 2 ' 

(200 i 9 



8 

i 3 ' 44 ' 

13*33' 

(200) 



W 

15*42' 



15*24' 

id) 

1 

w 

17*34' 

I 7 " 23 ' 

( 220 )i 9 



s 


19*21' 

(220) 


\ 


21" 7' 

21 “29' 

(222)3 


\ 

\ 

w 

22 *’ 4 «' 

22‘’52' 

(311) 


m 

24* 7' 

23*57' 

( 323 ) 



w 

27*40' 

27*5/ 

(400; 



in 

SiV 

31*36' 

(430) 



mw 

35" 3' 1 

35 * i' 

(4*2) 




"T 


Table XIV 

RbCl-B.Oa (Sample Cg- 7. 98% RbCl) 


Int. 

Observed 

$ 

Calc. 

RbCl 

0 

Plane 

w 

11*22' 

11*42' 

(ml 

w 

12*18' 

12*12' 

( 2 Q 0 )fi 

s 

13*30' 

13*33' 

(200) 

raw 

17*15' 

17*23' 

(220 (B 

s 

19 "16' 

19®2l' 

(220) 

vw 

• 

21*8' 

21*29' 

(222)$ 

w 

22*40' 

22*52' 

(jn) 

mw 

23*41' 

23*5/ 

(333) 

w 

27*32' 

27*5/ 

(400) 

mw 

31*18' 

31 ‘36' 

(420) 

mw 

34 * 42 ' 

35' i' 

(433) 
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DISCUSSION 

* It is clear from the tables that the lines due to the pure salts appear in 
every case in the dispersed glass system and certain foreign lines are present in 
many cases . It should be stated here that no lines other than the characteri- 
stic haloes we^e obtained with pure B-Oj & Na:»B407-glasses respectively 
prepared under exactly similar conditions. 

The analysis was carried out in the following indirect way. Granting that 
the main lines were due to the dissolved alkali salts, the values of 0 for 
different planes were calculated from the known radius of the camera and also 
checked in many cases with the negatives of the pure salts themselves and 
these values were compared with the experimental values. It was found that 
barring' a number of lines, the values remarkably agreed with the experimental 
values, as will be seen from the tables given before. The discrepancy in the 
case of some of the extra lines was sought to be explained in a number of 
ways . The lines correspond to any of the well-known crystalline borates 
for with experimental data arc availaldc. It w^as found however that Cole, and 
Taylor (1934) and Cole, Taylor and Scholes (1035) measured the diffiaction 
lines of crystalline anhydrous BmO^ and crystalline anhydrous Na2B407. Tables 
in their paper give the values of for these substances and the inten- 
sities according to their own scale the strongest corresponding to xo and the 
weakest 1/2. It is thus seen that with NaCl, the main lines are due to the salt 
and the extra lines are due to anhydrous Bj();i and anhydrous Na-B, ,07. 
Further, the foreign lines persist at higher conceiitialious of the salts. Ihis is 
also true of KCl more or less. With KbCl however at higher concentrations 
of the salt tin? foreign lines arc remarkably absent. 

The question now arises W'hether the systems studied lepresent true 
solutions or merely non-honiogcneous suspensions of the salt in the glass 
medium. Ultramicroscopic observations with such systems and with gold and 
platinum dispersed in similar medium (Nature) failed to detect any diffiaction 
cones. The sharpness of the lines however indicates that the size of the parti 
cles are bigger than the colloidal suspension for example of gold and platinum 
studied by Zsigmondy. The existence of the lattice in the glass systems further 
raises the question whether the ions of the alkali halides lake up theij les 
pactive positions within the non-repeating hollows of IkO.rgliiS*’ (Warren ) or 
they exist as definite clusters , more or less of the natuie of a true collodial 
suspension. In the former case, the lattice dimensions arc liable to be altered 
on account of the dielectric effect of the glass medium on the Coulomb and 
short distance forces ( Majumdar and Palit ) and this would lead ns to expect 
au enlargenieiil of the lattice. The results recorded in this paper shows how- 
ever that there is no appreccable alteration of the lattice dimensions of the 

dissolved salts in the glass. m ^ ^ , 

The question why there is a partial devitrification of the glass when 

fused with the salts requires explanation. It should be stated that in blank 

5— l63qP- 5 
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experiments with the 11 ( i.,-^4hiss alone, no evidence of devitrificalioii was 
ohlaiJied and further with strong concentrations of R1)C1 also, no such devitri- 
fication was noticeahle. v^iiiiilar results have been ol.iLained with r;old and 
]>]atinum dispersed in and 7-14 lasses, 'fhe ability of the dissolved 

substance to release the instability of llie .class tberefore is in some way 
connected with its stnicUiie and [>hysical projicrties like tlipole moment in the 
salts and atomic inunber in the case of the dispersed uielals. 't'his point ns 
being further pursued. 

Ow best tliLinks aie due to the authorities of tlic ^Indian Association for 
llie Cidli\Mtion of Science, JiO\\l>azar, CalcuUa, for permission to use ll?e 
ajiparatus and to 1 )r. K. ll.auei jee, I ) Sc., foi help and su.ecesl ions and to 
Mr. R. K. Sen, M.Sc , f-n lielp in course 01 the woik. (hir 111 inks arc Idso 
due to the Council oi the Hoard ol Scienlillc aiul Industiial Ucseaich of\the 
( lOVc riiineiit of India foi' award of a money cranl. 
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ON THE RAMAN SPECI'RA OF SOLD flONS OF ETHYLENE 
DIBROMIDE IN DIFFERENT SOLVENT S * 

By n. M. BISHUl and 5. B. SANYAL ' 


{J\Ci,('ijcd foi publh ati\'n, A iii: , if, ujfy) 

',PlalL‘ VT) 

ABSTRACT, Tlic Ranuiti tT nni<l( i.-iu D (Uliih .solut KiH.s ai ( ILnImu (h’la nniidt- 

in difforent solvoiits. .j,',, iiitTli)! alcFtli-)], ruiDon 1 ( iKM lilnridt*, lien/cau', fcliitiu atid hi xiiru 
have been .studied and 1 he nliitivc iiilciiH'iii Ilf lln Kriinan hiu^ tin ' and (un tin * 
have been cleleniiiiied with help of lihu lvU^^n^L;-^l^■'inlen‘^it^ eiii \c s iim .h h i as utdl 
in the ease of till* pine li(|iiid. The values d lln' iat<o ohMuvtd in the dilleunt 

ea.ses are as follows, h'or pure lapiid it is H'o ■ 1 7.^,, lor solution iniiK tli,\ 1 ah / ihol n n ci.] , 
in tairbon (('tiTielilruiile, loo :i7, in Ifii/eiK , I n' HI toiiu'iie u<'} and in hevaiu' it is 
100:10. These lesiiUs have bet ii diseiis,-ei! in Hu liuhl '>( the hvpolhe,M s pul forwaj d b> 
]\Ii/iishiina t‘/u/ (103 1 1 and by Sirku Tin! hislnii f jo,i'J Iiis iDiinlt'd out ilial it is tliiljeidt 
to explain all the ob^«ened fai’ls with the help of ihe fount r h.\ 

1 ^ 1 K ORUCT ION 

Tlie ])c.*i niaiient electiic iiioinenl (n/‘' of cibyleiU' flicliloritlu and elliylciie 
(libroinidL- dissolved in different solvents was ineasiired by Mi/usliiina, Moriiio 
and Hioasi (i<}34j, Ibe solvents iisetl loi Uie purpose bein^ Iw‘xane, heptane, 
elluT, liiTizciie, toluene and aniyleiie in tlie formei ease and hexane, beii/ene, 
carbon disulphide aiul earbt)ii tetrachloride in tlie latter ease. It was 
observed liy them tliat tlie value oi m for C^H4CJo increases from the value 
1.14X10”^** at “-70'C to about i. 3^x10“*^ at about 30'’C iji the case of 
solutions ill hexane, heptane and amyleiie, while it remains almost constant 
at difTcieiil tempcratuies in the solutions in benzene and toluene, the values 
in these two cases being 1.75 x io"‘ ^ and r.7 x 10“^ resiiectivcly* lu order 
to explain this dependence of ni on temperature they have assumed that the 
CH2CI group ill the CoH^Cl j molecule is always executing rotatuiy oscilla- 
tions about the trans configuration, the angulai amjditudc 0 of this oscillation 
being determined liy the Maxwell Boltzmann distribution law. 'I he potential 
energy U has been assniiied to be eciual to /'J (i -cos^) and diifereiil values 
have been given to in the case of dilTereiit solvents ill order to explain llie 
obseived variation of m with teiiipcralure. 1 lie liigher value of /// obsei ved 
in the case of benzene is explained on the assumption that benzene acts as a 
polar solvent and the value of 0 is very large for the majority of the imdecules 

Coniinimicoted by Br. vS. C- Sirkar* 

+ Fellow of the Indian Physical Society* 
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in solution in benzene as in the solutions in methyl alcohol or ether. They 
could not, however, explain satisfnclorily why the value of m of the C2H4CI2 
molecule dissolved in benzene is independent of temperature and is only 
slightly larger than that oliserved in the case of solution in hexane, although 
the value of the ratio Ics;! ■ in the latter case is oi;ily one third that in 

the former case. It was, therefore, thought worth while to determine the 
relative intensities of the corresponding Raman lines of CotUBry dissolved 
In different solvents, ejiiploying the more accurate n'cthod of photographic 
photometry in order to understand the significance of the changes obsei ved 
with the change in the vSolveiit. 

rC X P E R 1 M K N T A L j 

Kahlbaum's juire ethylene dibromide was used in the [ircsent investigation ► 
It was distilled in vacuum before it was used for making the solutions. T['hc 
solvents were also olitained eitlier from Merck's or from Kalilbaunrs origiijal 
packing and each of them had to be distilled repeatedly in vacuum in orcier 
to get rid of continuous background in tlie Raman spectra. The molecular 
concentrations of C2H4Bro in the solutions in different solvents are: in 
benzene 0.35. in toluene 0.55, in hexane 0.43, in methyl alcohol 0.19 and in 
carbon tetrachloride 0.33. The Raman spectra of the pure liquid and of the 
solutions were photographed on Ilford Selochrome plates taken from the same 
packet and tlie plates were developed under identical conditions. A Fuess 
spectrograph with optical parts of glass was used. The intensity marks 
were taken on sonic of the plates, using different known slit-widths and a 
slrij) of w'hite card board illuminated by light from a tungsten filament 
lamp as source of light. The purity of the' solvents was tested by photo- 
graphing tlieir Raman spectra. Microphotometric records were then obtained 
for llie lines 551 ciii"^ and 660 cm'^ in all the sperliograms and also for the 
intensity markvS, using a Moll’s self-registering microphotoineter. For the 
pure liquid spectrograms with different times of exposure were obtained in 
order that the density of the line 660 cm"^ in the spectrograms due to the 
mixtures might be almost the same as that in one of these different spectro- 
grams for the pure liquid. 

Blackening-log -in tensity curves were then drawn- for the wavelengths 
corresponding to the lines 551 cm"^ and 660 cm"' excited by the Hg line 
4358 A. U. and with the help of the blackening-log-iutensity curves the 
relative intensities of these two lines were determined in each case. If Ii 
and F] be the iulensllies of the line 551 cm“' in the spectrograms due to the 
pure liquid and otie of the solutions respectively, and I2 and 1^2 those for the 
line 660 cm"”^ we have 

Ii/Fi^<ij l2/F2 = C2 

* L!=^aIj 

1 2 ca'lV 



Raman Spectra of Solutions of Ethylene Dihrotnidcf etc, 235 

Thus it is easy to find out whether the ratio undergoes any change on dis- 
solving the liquid in any solvent. 

In determining the intensities of the lines, tlie total intensily at the peak 
of the line and that of the background were found out. On subtracting the 
latter from the former, the true iiilcnsity of the line was oinaiiied. While 
obtaining the microphotometric records, the deflection due to the unexposed 
part of the plate was recorded, so that the intensity of the background 
leferred to this unexposed part could be determined. I'lie line of infinite 
density was also recorded on all the records. Some of the.se microphotometric 
records are reproduced in Plate VI, It can be seen from Figs, i and 2 that 
the ratio lasrlcGo is less in the case of hexane than in the pure liquid. 
The actual values observed in the different cases are given in Tabic I, 


T.ABUi I 

Kthylene dibroniidc 


vState 

heo -hbi 


Pure liquid ... 

100:37.5 ' 


Solution in CCI4 

lou : 17 

.. 86 (20'CI 

Solution in CH3OII 

roo : 24 


Solution in benzene ... 

100 : 23 

1.18 (2Ci"C) 

1.20 i5o“C) 

Solution in toluene ... 

ion : 22 


Solution in hexane ... 

100 : 10, 

o.gi (25*0 

1 0.79 (o“0 


The values of permanent electric moment m observed in the different cases by 
Mizushima cl al (1934) are given in the last column of Tabic I . The corres- 
ponding results obtained in the case of ethylene dichloride by those authors 
are given in Table II for comparison. 


Table II 

F.thylcuc dichloride 


State 

ii 62 'l 653 


Pure liquid ... 

100 : 71 

1,12 X (gas at 3c/’C) 

Solution in CH3OH ... 

100 ; 83 

! 

Solution in ethyl alcohol 

100 : 75 : 


Solution in ether 

100 :50 

1 1.49 (20'C) 

i 

Solution in heicane 

100 ; 20 

1.36 (as’C) 

Solution in benzene ... 

j 100 : 67 

i;- 7 s (ao'-so’^- • 

. 
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It can he seen fianu Tahk J that the lalio increases considerably 

\v]jci( ethylc-nc dihroniick' i-. <nksulved in uiLthyl aleohol, benzene or toluene, 
bill il rejiiaitis iinelianca b \\ hell eaiiion letiachloride is used as tlie solvent. 
Ae/ain ni smIoIioii in eux.na tin value ol ilie in tensity i alio diminishes to 
alanil half the fiii;j,inal \:i:iie. 'J he values of m given in llie Inst column 
ean no1 |je oo’oih il^d with tht)^e ol tins intensitN latio mi llie hy])()tliesis put 
forward by Mi/usli ime* t / a/ (I'ljj) (hat the niniibcr of molet'iiles in the trans 
eoiifiginalioi] diiainidus when tlie liquid is di^solx'ed in solvents of higli 
diclecliiL eonatHiil and site lines 0(u_i cm'' and 551 cm*"' aie the corresiionding 
lines due to Ili(. tiMUs and la tine eojillgiirations of Ihe molecule respec- 

tively. k'lie liaus I (Jiihg 111 ation has (kj jierniancul tlcctiic moment and the 
saline ol jn m lli-/ ( of sohuion in hexane is sligluiy liighei than that for 
.olntion in ^atbon let i atdilmide. Ileauv acemding to the Jiyi)othesis put 
foi ward by Mizinhima ,/<// (10,3 |) the lalio ought t(; have bcbai 

^dicdilly liiahei in tin I'ast of solution iu hexane Ilian in llie solutiern in carhiifii 
teUaclilorid-' the eonli lu V the ratio is obs'.j t’ei) to be .1:10 in the fornic\r 

ease wliith ia less than i }-io ob'^erved in the latter case. vSuch a 
dist U'pjincy also ow. iirs in the (’as.e of ethylene diehloride as can be seen from 
results rei'oileii liy j\'b/inah ima </ a/ 1 103 ]) aiid quoted in Table J I . In the 
case of sohil ion ill bcji'/eiie (be eoi responding ratio J,,:,:i;r7 '>2 is 1:1.5 
the \'alue of /?/ is io‘ btU in tlie ease of solution in hexane the 

latio is T.5 \\’hde the \ahie ('f a; i> 1 3(> ^ S;n(.e llie peimaneiit moment 

is wholly due to i1k^ nioleeides in the eonligiiriil 1011 other than the trans enn- 
figniation llie vahic' of m in solulion in hexane ought to have been much less 
than 1 . 36 X j 0“ ' il has been iKniilijd out by tlKSii that this anomaly is 

not due to the presenee of associated molecnles of 1 ^CU in the solution 
in ben/A-iKg liec'Uise a* eording io tlu* cryoseopic nicasnremeiils carried by 
Ibiiada'" tile nioleeiile has normal nioK.cidar weight in dilute solution in 
benzene. M'hey li.ave nob howe\ei, givaai any sati^Iai lory ex])lanation of 
this anomaly. 

d'iie liyiiolhcsis imt ioiwaid !»y Mizusliima ci al I103J) nieiitioned above 
cannot explain al-o some elninges in the Txaman spectra wdueh are observed 
when these two ln]U'ds are solidified at low temperatures. If the Raman 
lines which disa])j>enr wilh tlie solidification of the liquids would be due to 
the non-planai cam fig oral lon.s of the molecule and those which persist in tlie 
solid slate be due to iIk^ (lans configuration, we would exiiect the bnevS 

wdiieh <lisappear to be jiolansed because Itie lion-idaiiar configurations, 

have no symmetry elenkut and they do not [lostulate the existence 
of large number of moleeule^ of Ihi.^ lyjie in the liquid state. Actually, 

liowever, some of llu- lines wlii^h disap[)car in the solid state arc totally 
depolarised i,n t!w liquid state. Again the fine joig em" ^ which is totally 
depolarised in the licpiid slate is evidently due to sonic antisymmetric valence 
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oscillation of the C-H ;,;n)Ups. 'I'his line in il'c stale, l>ul MU'h 

an oscillation is totally fiahuldm in fn- Maiiiau diet t ni t!u v'a' c d ilie trans 
confi.i^uration. Hence this Inn. rninMi ,\nv to ..n\ anhsvniniv trie 
oscillation of the si u ale c dl jC l . jiio'iLvnlt.' in th;.' lems I'unti inatioi'. W e 
have, llieictoie, to 'ij-.-ainu* ih- e\'i‘'-'n.*!)va' of oIIm oonir !ii,itjon,oi the 

nioleciile in the lic|iinl and .-aia Mate^. to ^xiiiani diese o|.., nttl on. Is 
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i \ t. - Ileal ion a v'an } a* --an- n that ii 
ihe one r I ('in" ’ is due lo I he 
a'o i laaled laoii « td''^, tile iilimhc I 
(a Ml'di iia Keiili- iiiei ea^es w hen 

111' n.pnd 1'. do^ >j\'i il in hen/t ne, 
kdn. IS ai'd i.iieliy], aieoiiol and 
il d liiinieh' s. li'. ii hi aaia. is len’d 
,r-, liv ‘-ohonl. 'fill pta in.inent 
(•Ui'IiIl lilom.al, ho\Ve\el‘, re - 
n)a'>ii<- aiiiiod niicliaiiped wlieii 
tlk iKpiid is disso]\ad in fiexaix. 
n/eiie, Solneiu’ and in< thyi aU'olif)!. 

' '“aediLd nioiccaile in 
^IxAiii in d, s'l lliat tlie 

nm>'h li^s Ilian that Oir the cis eon- 
ilie ass'X'inOn! nioleanle heiny the 

'IoilJ ai an anajo sli,"hliy lei-.s tlian 

sim K jn-.'lueuie 'I'lx .nn ea^e in llic* 
ihe iii'.a e.'. ill the ain.de 
o .JO .. roll he, m at (Oil- 


and il inerensLS m s.a'uti/a.e ni 

W^e ]ia\e, therelore, to die siiape cf tin' as' ota 

sohuion in heii/cne to i.oi' p'aian as 
value of }U for tin sinid'e ino’neule 
figuration but Ihe value of ni i fi 
resultant of tw’o smii monnijm in 
90'', is greater than lliat for the 
value of in ’\^'ilh tenn ‘Ci aim e jm>\ \>- dne t^' 

(p made by tiie C-tdb.t'i plain ith the p! me ol pan 

In the ease of soliili<»n in ey; loli'-aain' t,‘‘, an P' oi io'ho.dion (d the 
jicrniaiient moments o( die two const it tneid C 1 1 d'- *e 010 ■ i ni' s w;t!i each 
olhci at al^oul a'.) t' is sneli Ihal llie \aluL the i e ntl ait nenneail alni(jsl 
tlie same as that foi the >imde iiiolcMiIe. Ib nee the \'.ihie oi /a docs not 
chaipac apiirecialdy even when t'-mimiib r ^t ( e.ed'e'' nr' c 1 nhe'^ diminishes. 

With the rise of tcinpLiature llie anyi.- dnnini Ir.-. si eddy so iliat llm value 
of tlic resultant mereas-. a little, Il inav ;ds() sm lap.p ;!) I hat the value oj 
0 is largci in the solution in hexane llian in llie inne Ihiiom, 
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Thus the observed facts can be explained by assuming the existence of 
associated molecules of sialic model postulated by Sii'kar and Bishui (1945)* 
In the solid state probably the structure of the molecule changes to a centre- 
symmetrical one as pointed out by them. On the othei' hand the structure 
postniated by Mizushima ci al is of dynamic type oscillating about the trans 
configuration. There is oilier difficulties besides those mentioned above in 
|)oslulating the existence of molecules or such a dynamic structure. The 
frequencies of such rotatory oscillations of the molecules about the trans 
configuration are exj^ected to be much higher than that of the applied elec- 
tric field used in the measurement of dielectric constant, as can be seen 
from the values ^ given by Mizushima ct al (1934). Hence only the mean 
scpiare value of m is expected to be observed from the polarisation measu|ied 
experimentally. They have assumed tliat the value of ni is given by 

sin-2 

= ------ ■ ... (\, 

TT 

where 0 is the angle between the C-C line and the dipole moment of CH^Cl 
or CH2Br group, /MS the moment of the groii]) and U — /J (i-^cos 0). It is 
evident that equation (i) gives the value of only when the static model 
is assumed and the value of is governed by tlie Maxwell-Boltziuann distri- 
butioii law. Tiic value of m''^ for the dynamic, model osciflaling with 
frequency higher than that of the applied field is not given by (i). Hence 
the values of nt calculated by them with the help of (r) cannot be those for 
the dynamic model, 

The relative intensities of the Raman lines 653 cm”* and 752 cm”* of 
ethylene dichloride dissolved in various solvents are being measured with the 
help of blackening log intensity curves and the discussion of the results 
obtained for that substance by Mizushima ci al is reserved for a future 
communication. 
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measurements of ‘INHERENT’ NOISE IN 
RADIO RECEIVERS 

By M. K. DASGUPl'A, J. RAY and S. R. KHASTGIR^*- 
[Received for pubUcatioH, June ,?f>, T<):i7i 

ABSTRACT, lathe present investigation, the 'inherent' noise in a rqdio receiver was 
ineasuredin terms of t/ii’. fq/ncdit'u/ noise voUage at the input of the receiver. Mea.sure- 
ineiits of eijuivnlent noise voltages at the input of .si.v diflerciil .A.C.-Jl.C, connnereiul 
receivers ^Philips 31311, Ambassador. G E. 6U5, I'erranti, G.IJ.C 1)03977 ami G.B.C. 
ill^ 4337 ) were made for a wide r.anjje of freipiency channels from about 1 Mc/S to ao Mc/S 
over a A'idely var.ving carrier voltages from about o.oa nV to about 10^ ;uV, Tlie main 
results arc briefly the fallowing': 

(/J 1 he equivalent noise voltages were foniid to be of the order of one inicro-voU for a 
carrier input voltage uf one micro-volt. 

(ii) For all the frequency channels, excepting the medium frequency, the equivalent 
noise voltage was f..Htiid to increase //nca» /y with the increase of input voltage up to a 
certain value of the latter Tt appears likely that this limit of the input voltage marked 
the beginning of the A.V.C. operation in a receiver. 

Beyond this limit, the rate of increase of noise was found to be decidedly less, For 
higher input voltages there was perceptible increase of noise due to the A,V,C. action. 

HU) The equivalent noise voltage was found, in general, to be higlier for the higher 
frequency channels, 

{iv) A comparison of the six different receivers under test has been made in regard to 
their sigiiabtu-noise ratio values. 

(n) The effect of imperfect filtering of the line noise was shown by a comparison of 
the noise measurements when a receiver was worked from the D.C. mains and when it was 
worked from a dry H.T. battery of the sanje voltage. 

{vi) Equivalent noise voltage measurements were made, for comparison, with a receiver 
operated by 220 volts. A.C. obtained by converting the D.C. mains voltage by a rotary 
converter 

All the measurements were made by adopting EJ.T, Moore ‘.s method with certain 
modifications. The method has been fully described and the experimental results discussed 
in a general way. 


I N T R O n U C T I O N 

In India, as in many parts of Asia and other coiiutrie>s like Aiistraliaj, 
there arc only a tew high-powered transmitting stations and the various 
transmittiug stations are all situated at great distances. Day-time reception 
is therefore, demanded over very long distances. For good reception under 
such condition, the receiver should not only have high sensitivity and fidelity^ 
but also a high signal-to-noise ratio over a wide range of broadcast 

* Fellow of the indian Physical Society, 

6 — i639P^5 
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fre<jueiicies. The 'inherent* noises in receivers may sometimes be so 
airjl)lified as to swamp out any received signal or at least 1o produce a dis- 
turbance too great for reasonable reception. As the sensitivity of receivers 
is governed ]>i'iniarily by the noises in tlic receivers, the rating of receivers 
with respect to the signabto-iioise ratio is an impoitant factor in the design 
of receivers. Measurements of ' inheumt * noise and a study of tlic signahto* 
noise ratio in receivers are, therefore, of great value 

T 11 P: N a 'J‘ U R h ( ) V T TI K * T N 11 K R K N T ' N O 1 S K vS 

1 N R iv c jc I V n: R s 

What are called tlie ‘ iiiheieiit ’ noises in a receiver consist mainly ^ of 

; 

three distinct lyi)es of noises di e to (iy) shot effect, (h) thermal effect jjnd 
(c) ionization efleel, \ 

(a) 'Jlic Shot l\fJrcL — Tills v\as discovered and first studied by vSeliottky 
(lOiS). It relates ti the irregular cnii‘-sioii of eiectroas from iIl liiaiiieiii t\o 
the anode of thci’iiiionie valve eansing a eorresiionding fluctuation ii\ 

anotle current. The fliK'tuatine annle current, when r.ufliciently ampiifnal, 
produces noise at' the outijut- Tlie shot noise voltage in a valve can be 
represented by the formula 

Vir = FA/.g, .. (i) 

0 '' 

where e — electronic charge 

ia = anode-current iiiuler working condition 
g = mutual condnclance 
A/ = band-width of the receiver 
k = constant 

F = factor depending on operating condition. 

With a temperature-limited cathode F = i, in a valve, such as a 
triode where the space-charge acts as a rcseivoir, the noise is considerably 
reduced and F has a value of about 0.05. 

(h) The Thermal hlffeci. — I'lie hapha/drcl thermal agitation of the 
electrons, in a conductor or in an electro/iic medium like a thermionic valve, 
inoduccs voltages of minute order between any two points In the coiiducting 
medium. These voltages when sufficiently amplified produce noise . 'Ibis 
therm. 1] noise was studjed the jietically by Johnson (10, 6 28) and is often 
called Johnson noise. Works ou the same line have als3 been done by 
Nyquist (1928), Ivlewellyn (1930), London (1936) and others. The Johnson 
noise voltage is given by 
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where k ~ HoU/ni.mn cf)'.>taiJt 

T = Kelvin lenipeiaUue 
K — Resistance component of input iini>e(1ancL 
fi and /a are the frecjiiency limits oi I he receive r. 

When R is constant and does not vary with f 

V2 = 4/,T],^A/ ,,, ( 2 ) 

Ileie the tosistaiicc R refers t(j a comUictiiie, wire-circnil or to any I'oiuliictiiijL’ 
medium. In the case of a tuned circuii consistin,^ of a capacity C in paiallel 
with a coil haviiifi an inductance K and resistance r, the dynamic resistaiu'e 
given by L/C.r should be suhstilnted in the fr)nmila. 

fc) The Ionization llfjcii, — In a thermionic valve there is alvNays some 
residual gas, 'I'he electrons from the filament on their pass>»ge to the anode, 
[n’odhee ions by bombaulment with the atoms of the residual gas. 'i'hese ions 
may cither strike the filanieiit and produce an iuegularity m the emission or 
they may strike the grid causing an irregularity in the electioiiir flow. 
These irregularities produce iiiiiiiite voltages which, when suflkieiiuy amplified, 
cause noise at the oiitpnl. Ionization noise is usually associated with solt 
thermionic valves. 

All the three t>pes of noise may be classified under ‘ fluctuation ' noise. As 
thcvse noises are c'aused by a large number of irregular impulses, they evidently 
constitute a continuous spectrum in which there an; all freijiiencies langing 
from zero to infinity and the relative phases of the various comj aments 
having no discernible relationships with one another and may be said to have 
ninciom values, lii the presence of a signal carrier, the coiiiponeiils ajipear aa 
side-bands of the signal. It is to l)e noted that the ‘ fluctuation ' noise side 
bands on either side of the signal frequency are unrelated in phase, unlike the 
signal-modulation side-bands which are related in phase. The ‘ fluctuation * 
noise may, therefore, be termed ‘ random * noise. 

Tt is evident that the fluctuation phenomena, which give rise to noises 
in receivers, arc mainly those that occur in the first valve and in ciicuits 
preceding the first. Any slight fluctuations occurring in these circnils 
have the chance of being sufficiently amplified so as to produce an output 
voltage comparable with the signal output. In considering the inherent 
noise in the receiver circuits, it is customary to express noise in tcims of 
tesistance, such that the energy expended on such resistance is eijual to the 
noisC‘Cnergy Considciing first the input circuit to which the antenna is 
coupled, the * noise-resistaiicc * of tho input circuit depends upon its resistance 
and temperature and also on the coupling. The next impoitant sonicc of 
* inherent ’ noise after the input circuit is the R/F valve.^ To define this 
valve noise we are to substitute the valve by an imaginary noiseless valve, 
in the grid circuit of which we place a resistor of such a value that the loud- 
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speaker gives the saine amount of noise-energy as the original valve. Thus 
in view of (i; and ( 2 ), the noise-resist.. nee of a valve can be expressed by 


R = 


1 -h tp __ I la 

2 I 


(3) 


where 


and 


/e= =a multiplier rliaraclerislic of the type of the valve, 

?'« = anode current, 

^—mutual conductance of the valve. 


It is tlie) efore, evident that when the valve is worked on a smaller slope, 
the noise is expected to incjeasc* This happens when the A.V.C. is appliecjl. 

In short wave hands the noise-resistance of a R/F valve is usually ni^ch 
lai'f^er than the noise-resistance ol tlie input circuit. \ 

The anode circuit of the R/F valve also causes some noise. Thi^ 
equivalent to a fictitious noise-resistance in the t»rid-circuit of the valve giving 
the same noise-energy at the output end of the receiver. This imaginary 
resistance is equal to the uoise-resislancc of the anode cii'cuit divided by the 
square of the amplification factor of the valve. It is to he noted that when 
A.V.C. is applied the amplification is thereby decreased, the equivalent 
noise-resistance of the anode circuit imagined in the grid of the valve is 
increased to a great extent. ^ ' 

After the R/F valve comes the noise-resistance of the R/F coupling wliich 
may lie of the order of a thousand ohms. In any superheterodyne receiver, 
the * mixer ' valve is to be considered in a mafiner similar to that of the R/F 
valve. Here also with the application of the A.V.C., tlie noise-resistance 
of the 'mixer ' valve is considerably increased. A block diagram is shown 
in Fig. I representing the various noise-resistances which have already been 
mentioned. 



M E r H O D S OF M H A vS U R I N G THE * 1 N H E R E N T ’ NOISE 
IN R E L A 'I' 1 O M TO SIGNAL STRENGTH IN 
RECEIVERS 

In the accepted standard method of rating a radio receiver, the signal-to- 
noisc ratio is cletci mined by measuring the output voltages, when a modulated 
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carrier voltage and an iinniodulalcd carrier voltajic of the same value are 
applied one after another at the input end. The signahlo-noisc measure^ 
uicnt by this method is, however, open to certain objections. ^IMic method 
has, therefore, been rei)laced by a more cciuitable method developed by the 
Standard Committee of the Inslitiile of Kadio Ivngineeis, W A. (19.VS). 
This is known as Equivalent Noise Side-band Input" ni liNSI using its 
shortened form. The ENSI is the equivalent input magnitude of all random 
noise which is transferred to the output and therelore, of all such noise 
within the side-bands ])asscd by the receiver. For the pin pose of actual 
measurement the Equivalent Noise Side-band Iiijiut is taken equal to the 
input of a single side-band of 400 cycles iiiodiilalion which produces the same 
audio output from the receiver. 11 has been put forward that the value of 
ENSI can be obtained from 

(4) 

where Hw = ENSI- voltage 

E,= signal carrier voltage 
HI = signal modulation dc])lli 
E^l== output voltage of noise only 
E', — output voltage of signal only. 

Although the expression for the Equivalent Noi.se Side-band Ini)iU voltage 
has the advantage that its value in many receivers does not depend critically 
on the carrier input voltage, the .sensitivity of tlie receiver or the volume 
control setting, the method does not allow for differences in audio res[)onse 
curves between different receivers. Again in this inetliod, Ihcie is little or 
no indication of other dc.sign features, especially the effect of the A.V.C* 
on the R/F stage. To indicate the secondary causes of noise, sucli as the 
A.V.C. effect, EJ.T. Moore (1038) devised a method of measuring the 
* inherent ' noise voltage which is based upon the measurement of equivalent 
noise voltage at the input of the receiver. 

The equivalent noise voltage at the input is defined as Vn = mE, where 
m is the noise modulation depth of an R/F carrier voltage E which is modu- 
lated by sinusoidal A/F (400 or 1000 cycles/sec'.j voltage, the modulated 
signal voltage applied to the input producing the same A/V current in the 
loudspeaker voice coil as that produced by the same R/F voltage modulated 
by the Mnhcrent ' noise of the icceiver. Following the above definition, the 
equivalent noise voltages in some Australian or American radio receivers were 
measured by Moore on some medium and short wave channels for a range of 
carrier input voltage. 

SCOPE OF THE PRESENT I N V E S I G A T 1 O N 

In the present investigation equivalent noise voltage measurements were 
carried out with some commercial radio receivers adopting Moore's method 
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with certain modifications* Mcasnrtnienls were uncleiiakcn for a wide range 
of frequency channels from about i Mc/S to 20 Mc/S over a widely varying 
inj)ut carrier voltages from al)OUt 0.02/xV to about 
The following six suj)erhel sets were tested : — 

I'ablk I 


Name and make 

Years <»f use 

Naiue and make 

1 Years of use 

1 

(1') Philips jijdl 

c 

(p I'erranti 

New 

(2I ' Aiiiha.ssadur ’ 


f.s, G.n.C. (LiC 

.j 

f British mrikc') 

New 

NeW 

(6) 0 K.C. (lie 4337) 

0) G.E, 6 TT 5 

S 

\ 


All the receiving sets were A,C./T).C. sels. Usually tlie D,C* vol^^ige 
220V from the mains was employed to work the receivers. With one new 
receiver — the Ambassador— measurements were carried out when tlie set 
was worked with a D.C. voltage of 220V from dry battery for comparison 
with the measurements w lien the line voltage was used to work the receiver. 
Measurements were also made for the same set when it was worked with 
220 A.C. obtained l)y converting the line D.C. with the help of a smoothly 

0 

running shielded rotary eoiiveiter. 

The nieasureiiienls of the * inlierent ’ noise were made, Ub^ually at night 
or during the early part of the morning in order to avoid electrical inter- 
ferences from electric fans and oilier electrical machines. Measurements 
wore made only under good weather condition when there were no 
atmospherics, 

THEORY {)V THE IMETIIOH E3M1* LOVED IN M E A S U R- 
J N G li Q IT 1 A L n N T N (> I S E > L T A G E 

In an ideal noise-free receiver there should not be any A/F voltage 
across the receiver output if the receiver is tuned to an unmodulated carrier 
potential from a standard signal generator. Eut as there is always some 
^inherent’ noise in a receiver, a small- A/F voltage is developed at the 
output. A high gain A/F amplifier is used to amplify this voltage. The 
outjmt terminals of the amplifier are then connected to any linear-scale 
voltinetcT-nnit giving g deflection directly proportional to the A/F voltage 
at the output of the amidifier. Let us sup])Ose that 0 is the deflection observed 
in the linear-scale meter when the R/F carrier voltage E modulated by the 
‘ inherent ' noise of the receiver is applied across the receiver input. 
Using a modulator unit the R/F carrier potential is then modulated at 
1000 cycles/sec. obtained from an A/F oscillator. By varying the A/F 
voltage across the input teiminals of li e n odulator unit the modulation AjV' 
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voltage at the output of the modulator or at the input of the receiver 
then varied ull the defleotion in ihc linear-scale meter ^o. This A/F 
modulation voltage V,„ at tlie receiver input should then be equal to the 
equivalent noise voltage of the receiver given by = mb;, where m is the 
depth of iiJodnlalion ^\JucIl can he iiicasuied. Thus V,, == \ - 

Let us now find the relation bet n cell the modnlatioii voltage V,,, at the 
output of the modulator and the A/h voltage V a], plied acioss the input 
tciuliiials of the modulator unit. 

I he voltage at the injmt of ihc medulaloi unit is given by 

v ^ K sin /</ : \' sin oi./ ... 

where L, IS the K/r earlier voltage of fretpieney /'/e-, V the apiilicd A/F 
voltage of ireipiency and V ^ the gi id hires voltage. If now the 

charactei islic of llie iiiodiilalor va]\'c i-^ gi\'en Iiy 

/ -- a i !yv-\-yv\ 

the R/b com|>oneiit oi the anode cuireiil liaving a fic(|uenry /’/^>rr nill be; 

/ = {/-» i 2V.V(,)ri I — — ±^~ . V sin to /1 I( sin pi ... (6) 

L fj : cy.v 0 J 

The output circuit ol llie iimdulaloi unit is the secondary coil of a R/V 
transfonner, the i/iiiiiaiy ceil being in the anode eiieuil of the modulator 
valve. Tlie anode circuit is tuned to tlie carriei fieijiiency I>y a variulde 
condenser jilaced in paiallel with llie primary coil. 'I'hus the current in 
the secundaiy circuit which can only bean R/'I' cui i ent of ficcjnency J>l'Z7t 
will lie (jbtaiiied by multiplying the exiuession as given in (6; by the Irans- 
formation ratio T of the R/F transloiiner. Jf now the imjicdance of the 
secondary coil l)e Zn . then the voltage across the c ntpiU lennijials of tl:e 
modulator unit will Vje 

Ki “ ^iyVol.Ul 1 ' sin ojt] sin pl ... (7) 

where k =- TZp == a ciicuit consluiit and nt — niodulalion depth 


2 ^y 

/?+2VVo 


.V 


It is evident th;j.t the degree of modulation in is independent of the 
carrier iniitit voltage V. and is directly jnoimrlional to iJie AjV vtdlage V 
apjdic'd at the input teiiuiiials of the modulator unit. Ihc degree of modula- 
tion ]jer volt denoted by Mf- n/,'V) is thus a constant (jnaiilily wliich can be 
determined ex]iernnentrdly. 


When 
we get 

or 


in “ o, 

F, = fJP -\'2y Vq).K sin pi 
I I = 1,(0 4 - 2y V?/.K 
= An. IC 


( 8 ) 


Am = fc(/ 3 + 27V0)- 


where 
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Usually there is a loss of R/F signal in the modulator. Clearly Am in (8) 
will represent the modulation loss factor which can be found by experiment. 
The modulation voltage Vm at the output of the modulator is thus obtained 
from 


This gives 


m 


Vm 

Am .Iv 
Vm 


M.V. 

= Am .M.V.E. 


(9) 


vSiiicc Vii “ Vm , the equivalent noise-voltage is obtained from the 
equation (cj). 

In the actual experinicnlal set-up, a dummy aerial was inserted in the 
aerial ini)nt lead of the receiver under lest. For a common basis of miise 
evaluation for all receivers, a baud i)ass filter, with the frequency band between 
500 and iroo cycles per sec., was used after the receiver and just before the 
A IV' amplifier. As the filter was not ideal, a correction factor was necessarily 
introduced. The output voltage of the attenuator also needed a correctio^ 
due to inexact matching. The value of the A/V voltage V, obtained after 
necessary correetions, was used in the evaluation of the equivalent noise- 
voltage from (9), 


I) K T A 1 IvvS 0 1' K X P P: R I M K N T A J, ARRANGE M K N T 


The experimental set-up for the ineasuremcnt of equivalent noise-; 
voltage is illustrated in tlie block diagram in Fig. 2. The essential parts o.( 
the assembfage are the following : 



(1) Standaid Signal (Generator . — A signal generator with output meter 
was worked with 220 volts A.C. 

(2) Audio OsciUaior . — An oscillator of the indnetion buzzer type giving 
1000 cycles/ sec. was employed. 

(3) Atienuator . — A well shielded variable A /F attenuator with, a charac 
teristic impedance of boo j:)hms, enabled application of smaller A/F" voltages. 

(4) Couldihg link . — The R/F voltage from the signal generator and the 
A/F voltage from the audio oscillator were induced into the coupled circuit 
through suitable R/F and A/F transformers respectively. The secondary 
coils of the R / F and the A/F transformers were in series and connected 
across the input terminaLs of the modulator unit. The primary of the R/F 
transformer was connected across the output of the signal generator. The 
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primary of the A/F transfonner placed across) the oulput of the attenuator 
was such that the output impedance of the allenuator was nearly c<]ual to 
its characteristic inii*)edancc. The secondary coil of the A/F transformer 
was shunted by a suitable condenser. The coupling link was properly 
shielded. 

(5) Modulator Unit. — The modulator valve was made to work about 
the bend near the cut-off voltage. The anode circuit comprised the 
primary coil of an R/F transfoimcr tuned by a variable condenser placed in 
parallel. The output voltage was obtained across the secondary terminals. 

(6) Vummy acnal. — A dummy aerial consisting of a capacity of aoo/i/*/, 
a self-inductance of aopH and a resistance of 25 ohms, all enclosed in a 
shielded box, was used for all frequency channels excepting 20 ]\Ic/S, in 
which case a soo-ohm resistance was inserted. 

(7) Receivers. — The six receivers were all of superheterodyne A.C./ 
D.C. type. 

(S) Band-pass filter. — A baud-i)ass filter with frequeticy band between 
500-1 100 eycles/scc. was placed between the receiver under test and the A.F. 
amplifier, the injiut and output connections having been made through 
matched A/F transformers. 

(9) Collin’s T2X A'jh' amplifier. 

(10) Lrnear-sralc mc/cr. — A valve-voltmeter constructed with a 6H6 
valve gave output anode current directly proportional to the input voltage. 

(11) A Dicn'iMg roil galvanometer. — The output of the valve-voltmeter 
was connected acros.s the galvaiioincter. 

experimental procedure 

The experimental procedure was as follows : 

(i) The receiver under test was tuned to the desired frequency of the 
standard signal generator. The modulation was used for adjustment and then 
switched off. 

(n) The 12X amplifier was adjusted for some convenient value to give 
a suitable galvanometer deflection The A/F oscillator was not worked 
during the adjustment. 

(Hi) The audio oscillatoi was then switched on and the attenuator was 
adjusted for a suitable A/F voltage V at its output which was applied to the 
input of the modulator unit till the deflection was 26. ^ 

(iv) The modulation voltage Vm at the input of the receiver was then 
equal to the equivalent noise- voltage Vn • 

The equivalent noise voltage was thus obtained from (9) in terms of the 
A./F voltage V at the output of the attenuator. 

7— 1659P— 5 
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CORRECTION FACTORS FOR EXACT EVALUATION ' 

OF NOISE 

(1) Attevuator-f.oss. — As exact matching condition was not fulfilled, the 

attenuator output voltage in db needed a correction. The correction was 
effected by the actual ineasurements of the input and output voltages of the 
attenuator with the same input and output connections as were used during 
the noise measurements. The corrected attenuator output voltage (Vntt) 
multiplied by the transformation ratjo A, of the A/F transformer in the 
coupling link gave the vahie of the A/F voltage V applied at the input of the 
modulator unit. Thus we can write V = A, x Vuti- In the present arrange- 
ment A (=0.92. I 

(2) Modulator-I .OSS. — The loss of the R/p' signal in the modulator iwas 

found in the usual manner with the standard signal generator andUhe 
receiver, the A/F voltage at the receiver outjmt being measured by a suitaple 
meter. \ 

For different frequency channels, the R/F transformer in the coupling 
link and the R/F transformer at the out))ut of the modulator had to be 
changed. The modulator-loss was found to dei)cnd on these replacetiient.s. 
In Table II are given the average values of the modulator-loss factor Am 
obtained experimentally for the different frequency channels : 


Table II 


Frequency Clianiicl 
in Mc/s 

Modulaior-loKs 

factor 

I ^3 

.024 

4.0 

.012 

6.5 

.010 

8.5 

.013 

14.0 

.029 

20.0 

.027 


(3) Bavd-Pass fitter Correction . — The attenuation characteristic of the 
band pass filter was obtained in the usual way. 

Prom the attenuation characteristic curve, the average value of the filter 
loss within the pass band was found to be 6.02 db. In other words the average 
ratio of the output to input voltage of the filter within the pass band was .50. 

It should be noted here that in the experimental procedure for the 
measurement of equivalent noise voltage, a suitable galvanometer deflection' 6 
was observed, when unmodulated carrier voltage was applied to the input of 
the receiver under test. This deflection was due to' the noise- voltage with 
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frequencies limited l)y the pass hand of the filter. When looo cycles-niodii- 
lation was employed and the attenuator adjusted until the valve-voltmeter 
galvanometer deflection was a0, half of this deflection was due to the equi- 
valent noise voltage Vi, , the other half due to the tnodulatiou voltage V,„ at 
the input of the iL'Ceivar corresponding to looo cycles sec. If tin,' fdler was 
an 'ideal one, i.c., if the filter-loss was the same of all frequencies, it would 
have been possible to write V„ =V,„. Hut in the present case, the ratio of 
the output lo input voltage of the filter for looo cycles/sec., as computed from 
the attenuation characteristic was found to be .60, whereas the coriespondiiig 
average value was .50. Thus for the same galvanometer deflection, the 
modulation voltage Vm should be put equal to 5/6 times the noise voltage Vn . 
Thus we can write 

V„ =6/5V,., =Ar.V,„, 

where A/ = band-pass-filter correction factor =1.2. 

Thus taking into account the correction factors, the expression for the 
equivalent noise voltage as given by (q) resolves itself to — 

Vu =Ai,i . A/. A(. M. Vi, It. lift!' ... (10) 

where Am = modulation loss factor 

A/ = hand-pass filter correction factor 

A, =tran&fonnalioii ratio of the A/P transformer in the coupling 
Hnk = o.Q2. 

Vati = A /F voltage at the output of the attenuator corrected for in 
exact termination. 

E/i*» = carrier voltage in /*V 
and M= modulation depth per volt. 

All calculations of equivalent noise voltage were made with the help of (10). 

measurement of modulation depth per volt 

Using the same audio oscillator worked with the variable A/F attenuator and 
applying a suitable known voltage to the input of the modulator unit which 
was worked under exactly the same condition as during the time of noise 
measurements, the waveform of the modulated voltage at the output of the 
modulator was suitably amplified and studied after proper synchronization on the 
fluorescent screen of an oscilloscope. With different frequencies of the carrier, 
the measured values of modulation depth per volt of the applied A/F voltage 
at the input of the modulator were found to be nearly the same. The average 
value of the modulation depth per volt was found to be 
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E X I* Iv R I M K N T A L RESULTS WITH R R C E I V E R vS 
WORKED WITH D/C VOLTAGE FROM 
T n 1C MAI N S 

For the two receivers (Philips 313H and Ambassador) the measurements of 
equivalent noise-voltage were carried out for the' following frequency channels' 



FrcfiUGiicy 

Wavelength 


Mc/'s 

Metres 

U) 

1.13 

265,5 

(2) 

4 .'> 

75 ’f 

(3) 

6.5 

46.1 

( 4 ' 

S .5 

35-3 

<S) 

14.0 

21.4 

(6) 

20.0 

15.0 


For the other foUi receivers, viz., G. E. (dUs), Ferranti, G. E. C. 
(liC 3977) and G. E. C. ( liC 4337 ), measurements were made for three 
frequency channels only, viz., i.i Mc/s, ^Mc/s and 20 Mc/s. The results are 
shown in curves ])loUiug Ihe logarithms of the equivalent noise-voltage against 
the logarithms of the carrier input voltages for any frequency channel. The 
signal to noise ratio curves are also drawn. For Philips 313H and , Ambassador 
sets, the experimental results are shown in Figs. 3(a) & 3(b) and 4(11,' & 4(b). 



Fig. 3(a) 




iv^lenf Twfse rh^Vi 
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i^io. 3(b) 



Fig. 4(a) 
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Pig. S 


COM I ARISON OF EQUIVALENT NOISE VOLTAGES IN 
A R E C U I V K, R (rt) WHEN WORKED E R O M U/C MAINS 
( 1 )) WHEN WORKED WIT 11 E Q U A r, V O L T A G E 
l''R( )M DRY II T n A T T E R Y AND (f) W H E N 
WORKED WITH A/C VOLTAGE OF 
THE SAME VALUE 

The Ambassador receiver was worked with 220 Volts D/C obtained from 
dry H. T. The measviremeuls of noise were then carried out on a frequency 
4 Mc/s. Similar ineasuremenls ^ve^e made on the same frequency channel 
when the receiver was worked from the D/C mains and also when the receiver 
was worked with 220 volts A/C obtained by converting the D/C mains vob 
tage by a rotary converter. The results are shown in Fig. 9. 

ANALYSTS OV L X 1 * E R I M K N T A L RESULTS 

I. The equivalent noise voltages were found to be of the order of one 
micro-volt for a carrier iifpiit voltage of one microvolt. 

II. For all the frequency channels, excepting the medium frequency 
(i'i3 Mc/s). the equivalent noise voltage was found to increase linearly with the 
increase of the input voltage up to a certain value of the latter, beyond which 
the rate of increase of noise was found to be decidedly less. The linear varia- 
tion of the equivalent noise voltage for smaller input voltages is prominently 
displayed in the siguahto-noise curves. The horizontal straight lines in these 
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curves correspond to the inclined straight lines in the eqviivalcnt noise-voltage 
curves. The change from the horizontality iu the sigual-to-noisc curves is 



Fig. 9 

found to occur at a particular value of tlic earlier input vollaij;e. The values of 
tlie input voltage up to which the equivalent noise was found to increase 
linearly with the input voltage for all the receivers under test and for dilTerent 
frequencies are given in Table III, 

Tablu III 

! 

Carrier input vpltages up to which the * inherent ' noise was directly 
proportional to the input voltage, 


Frequency 

channel 

Philips 

313H 

Ambassador 

O.E. 6U5 

Ferranti 

G.E.C. 

nc 3977 

O.K.C. 

hc. 4337 

4 Mc/s 

2.4 ftV 

2.4 mV 

2.4 /iV 

2 A 

.6 iiV 

.60 mV 

6.5 

5-0 »* 

2.0 „ 

5-0 „ 





8.4 ,1 

10.4 M 

10.4 „ 





14 

23*2 1. 

14-5 M 





20 „ 

AV 

>13-5 

<21.6 

>2.16 „■ 

<5. 4 .. 

>2.16 „ 1 
<5 4 .. 1 

2.16 

1-35 H 

! 


8 - 1339 ?—^ 
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I'or eacli riiceivcr the limiting voltage appeared, in general, to inctease 
with the increase of frequency, the value lying . within about; asTt'v, . 

III. The equivalent noise voltage was found, in general, to be higher 
for the highest frequeticics. In other words the sigiial-to-noise ratio was 
found, in general, to decrease with increasing frequencies. The only exception 
was 20 Mc/s in the case of Philips 313 H. 

IV. The values of the signal-to-noise ratio for the three different 
orders of carrier input voltage are shown in Table IV for (a) medium radio 
frequency and (b) 20 Mc/s frequency for all the receivers under test. 

'Tadi.e IV 


.Signal -to-noisc ratio 


Receivers 


Carrier : 

iiiput 1. 13 Mc/s I - 20 T\Ic/s 


^ ( mV ) i 




1 

! ratio 

J 

T 

1 db 

' i 

ratio 

1 

db 



I 

2.4 

7.6 

1.66 

4.4 

I. 

riiilips (313II) 

lo 

9.3 

' [I 9-4 

I 74 

4 . 8 ' 



jno 

22.g 

27,2 

1 3-92 

9.6 



I 

..5K 

- 4.8 

! .31 

“ 10 2 

2. 

Auihas.sndor 

10 

2 .g 5 

9-4 

1 - 3 ^ 

”10.2 • 



It JO 

5 '1 

lr1.6 

•t 3 

- 4 .t> 



1 

•50 

- 6.0 

•30 

-10.4 

3. 

(I}.G, 3 ()(J 7 ) 


I.S 

5-2 

.32 

^ 10 .D 



100 

6,9 

16.8 

.63 




T 

• 9 ^ - 

[ - .2 ' 

1. . -525 , 

" 5.6 

0, 

C.K. (6U5) 

K» 

3-4 

10.6 

1 .66 

- 3‘:6 



100 

17.8 

25 0 

1 1.41 

3.0 



1 

1,48 

3,4 

.30 

— 10.4 

5. 

G.E.C. (P.C. 4337) 

10 

73 

17.2 

.,33 

-) 9-6 



loo 

50.1 

34-0 

.85 

- J.4 



I 

•93 

.6 

.525 

- 5*6 

6. 

r'crrnnti 

JO 

3-6 

II. 2 

.66 

- 3.6 ' 



loo 

m.35 

26.0 

r. 4 x . 

; 


V, Tlie equivalent noise voltage m a receiver was found to be definitely 
less when worked with a dry H. T. battery of the sanic voltage than when 
worked from the D. C, mains. Imperfect filtering of the line noise was 
rest>onsible for the greater noise when the receiver was worked from the mams , 
voltage. : 

In the case of the A.C-operation, the equivalent noise was found to be 
smaller for the higher carrier voltages and larger for the smaller' .carrier vol- 
tages tliaii when the receiver was D . C , - operated, ' 
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DrSCUvSSION OF FXPrjRlMKNTAI^ RRSUlvl'S, ■ 

Whilf there is a general agreement of our experimental results with those 
of Moore (1938) for high input voltages, there is an iitiportant difference in the 
region of low input voltages. Starting from a very small input voltage up to a 
certain value of the latter, Moore’s measureinents with some Australian and 
American receivers showed a constancy in the value of the ccitiivalent noise vol- 
tage , whereas with all the receivers under our test the equivalent noise vol- 
tage was found to increase linearly w'ith ihe input voltage up to a certain 
value beyond which the rate of increase of noise was found to be decidedly 
less. 

It appears likely that the limit of the input voltage up to which the equi- 
valent noise was found to increase linearly with the input voltage mai'ks.the 
beginning of the A, V. C. operation in the receiver. When the A. V. C. 
begins to function, the noise voltage, however, gets limited in tlie same way as 
the signal voltage. This explains the slow increase of equivalent noise beyond 
the observed limiting input voltage. 

It may be said in a general way that the valpe of the input voltage when 
the A . V . C . begins to function should increase with the increa.se of fre- 
quency. For a fixed receiver input, the amplified H.F. voltage impressed at 
the input of the detector is usually smaller for the higher frequencies, since the 
voltage-gain is smaller. Thus for a higher frequency, a higher receiver input 
voltage vvouM bt required to start the working of the A. V. C. 'I his appears 
lobe ill general agreement with our observations. ■ h. 

It is difficult to explain the observed linear increase of the equivalent noise 
voltage with the carrier input voltage for the small values of the latter. It can 
only be conjectured that the valve-noise, which constitutes the major part of 
the inlierent’ noise in a leceiver, increases with the amplitude of the oscilla- 
tions. Any stray noise impressed at the gi'id of the modulator valve would, 
indeed, cause a noise voltage at the output which would increase proportiona- 
tely with the carrier iiijmt. Particular care was, however, taken about shiel- 
ding and even inspite of it if there was any stray effect it must have been 
extremely small in the region of small input voltage. When the input voltage 
was fairly high, it is likely that the extraneous noise pioduced some effect. 
It is significant to observe that the inclined straight line representing the 
observed increase of equivalent noise voltage with the input voltage clearly 
passes through the origin'. 

All the equivalent noise curves clearly show the expected increase of noise 
due to A. V. C. action at higher input voltages inspile of the smoothing 
down of the noise voltage due to A. V. C. 

The observed increased of equivalent nois^ voltage in a receiver with the 
frequency of the carrier for a given voltage of the latter can be explained in a 
general way. The thermal noise in a circuit or valve as well as the shot noise 
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in a valve depend on the resistance of the circuit and the valve. Since the 
resistance of either increases with frequency, the ^inherent' noise in a 
receivei would necessarily in ci ease witli the increase of the frequency channel. 

A C K N () VV h 11 1 > G M R N T 

In conclusion wc record our urateful thanks to the Radio Engineers 
of the A. I - R., Dacca for their technical help and co operation. 
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X-RAY STUDY OF VEGETABLE FIBRES 

By BUliPATl KUMAR BANHUJEH 

{Rcccivcil forl^uhlication^ ig.jj] 

(Plates VII] A and VIII Bl 

ABSTRACT. Sdine v( jj( f.-ilild lilnes luivc bci'ii .studied by means 1 1 X-rnys and it is 
foumUliMt tlic fiiient.Mli HI (I.f cellulo.se i ii.slallibs is ii.il siiiiie in all eases. In .sonic libres 
Ibe major axis of the miil cell is .ahiio-.l paiallel to the fibie axis and in .some the mrijor axis 
IS at some spiral anjrle to the libre axe. wbdc ai an extreme ca.se the ecllulose mstiillitcs 
are randomly distriliuled. 


I N T I< O 1.) 1) C T J O N 

Mud) prog less lias hceii made durine, the last few years regai ding the 
knowledge of the stnieture of cellulose fihre from various sources of investi- 
gations — .specially due to the correct interiiretation of X-ray iihologiaph, cor- 
relating the chemical infonuation snjiphed hy Haworth. 

Cellulose is the main constituent of cotton, ramie, flax, jute, etc. and 
practically it huilds n|i the frame-work of all ve.getahle tissues. It has been 
shown hy various woikers that the Inndainental structures of cellulose derived 
from these various sources are identical. 'I'he elementary unit of ccIlulo.se 
is luonoclinic with a = S J15A, /)= ro.3A and c-y’qA and /I = K]". The space 
group is C? with four glucosu units in the unit cell. The cellulose fibre is a 
crystalline aggregate eon.sisting of small crystallites separated hy amorphous 
or intercrystallinc areas. The crystal area is built Uf) hy repetition of the 
unit cell arrangement of glucose units in space. 

X-ray investigation of jute fibre has been made by Banerjce and Roy, 
(1041) Sarkar, Riuha and Saha (1044) and Banerjec, Ba.sak and Sen (1945), 
Some vegetable fibres w'cre also studied hy Bose and Ahmed (1946). In the 
present investigation a nnniher of vegetable fihies — Pandamis., Anuanns 
sativus, Se.sbania acnleas, Hibiscus e.sculantns, Calotropis jigantea, coma on 
the .seed of Cilulrojiis jigantea, Hibiscus inutabilis, Musa sapieiitum, Cro- 
talauia juucea, Agave Americana, Coir A which had been i.solaled from green- 
eocoaiiut and coir B which had hecu isolated from dried cocoamit — have been 
studied by X-rays. 

The fibres of Ilii)i.5cus esculaiiiiis and Crotalauia jiincea were, however, 
previously studied by Du.se and .V limed and the Coii B has been studied by 
Astbury. There are, however, con.siderahlc difference hetw'cen the X-ray 
jihotographs of cellulose derived from different sources regarding the 
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dinusenc^s utul <lircrtioiis of cxtensious (3f tlie spots indicatinj^ differences in 
till- iutcnial oidci ainoiJL' the iillininlu fibres and extents over \vliicli rej^ularity 
of arKinv.einent ocxuis- 

A nari(A\ pencil ol X lav^fnau a lladdini^-SeiKbahn tyi>e of X-ray tube 
with Cu anli-ca1ho(U run at a \ailtaj-i.e of 40. KV^ and a tube eurrent of 5-7 
niilbanips was imideiil on a tliin bundle of fibre (about t 111 in. diameter) 
iir)iiuaJ to tile leii^db oi the libie. The dillractei] X-rays weie received on a 
cyhiidrica) film of ladius ; cm hhxposnre.'» of about 8 hours were given. 
The idiot o;4i a] »hs obtai ntd are rc pioflnced in tlu* Plates VIII A aiul V 111 lb 
h'he aiieail.ii Co OI (1 mat es 0 and fi ot the sjiols v\ere obtained in the usual 
Ariy ami llie clam iiie ancle wa^ obtained from the iollowing relation 
( os c(,s 'file ideiilifit ation of sjjnLs w ei c nuide by comparing the 
exp(- liim, jilal giaiuiii: angle 'v\itii the calculated Hiagg angles of various planes 
the ijuK -\ K being known Iron the la>ei line in which the spots occur. 
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1> 1 sc ss 1 

It lias been nieiiiiuuecl before llial llie cellulose is the chief coustitueiit of 
all lil)res. Hut the X-ray i)icti!res ul all fibres studied in lliis pa])er reveal 
that the deiuee of oi'ieiitalions ol cellulose crystallites are not the same. The 
inajoi axis of the unit cel) of cellulose may be oriented cither parallel to the 
libie axis or at some 'Spiral ancle to the fibre axis or the crystallites may Ijc 
randomly disliabnted. 'I'lie example of each ease mentioned above can be had 
in the X-ray iihotoci^'phs of wirajiis libres in this [)a[)er. 

The X ra>’ iliffraeiion pUlein of Crotalania juncea is similar to that of 
ramie or jute. It is just hhe the sincie rotation photograph. The spots are 
(liscietc ami the resolution is perfect. 'The paltei n of the picture as well as 
the shape and M/e of t he sjkiIs ind k ale that the ei yslallimty extends o^er 
domains nearly of the same dimensions as tliose in ramie for which Mark and 
Meyer estimated an avei a J.e dimen^iion of alrout 50A thick but at least 600A 
knee. The onentatioii of the 'h' axis of crystallites also are approximately 
parallel to the fibre axis. 

The X-ray diffraction i^altern of Calotropis jigantea is very similar to 
that of above except that in this case there is a slight back-grouud scattering 
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and tlic spots arcMat 1 km- broader and a liltlc clonj^atcd. So the domains of 
crystallinity are slij^hlly smaller than and tlie orientations of cry stallites arc 
ratliei inferior to those of Crolalauia jiincea. 

The diffraction pallern of SLsbaina aeuieas and Hibiseus iiuilabdis liave 
stroiic; similarity to one aiuitlici . '[‘he pattern and the imsilious of the Spots 

are same as aba\'e i)Ut the shapj and .si/e of the s])ols are quite disfiiicl from 
those of Crotalania iuncea or C ilolropis jieanlea The spots latain then 
shaiqmess aloii^ the radad directions but eKteiul aloiiy the directions of 
Deln'e-Sc'hei rer riiiqs So as to form arcs, TJiis indiealLS that the oiienlation 
of ciystallites of cellulose parallel to the Jjbic axis is }»aitially deianyed. 

The pallern and the [lositioiis of the sp* Is oi llibismis esciilanliisare 
(luite similar to those id [lilii^ciis mutaldbs cxi'ept that in this case the spots 
are di awn into stil 1 hmeer an s. This indieates that the alinejneiit of the 

Cl ystalliles of cellnlosL is coiisiderahly lUaanyed Irom pai allLlism. 

Tile X-ray' diili action palteiii ol Aiinaiim. saliviis is iiiteiesliiiy . In this 

case llie si)otsLiie coiiipletA.V ilrawm inloaics ioimiiiq coiiljnuotis Dcbyc- 
Scherrer riiiys and the iiosihous ol the spots m the iiiii'S are indicated by I lie 
intense sharp ])ortums lu the riiiys. 'i’lie spots on Die eqiialoi lal line are 
quite sharp. All tins indicates that theie is a \’eiv u ide dism ienlation of tiie 
cry-stallUcs ui cellulose from pai alleltsiii lo the fibre axis, d'he maxlnia of 
intensity on tlie riii'^s^ liowc vei , iiidi ' tes that tiie tLiulency towards orieiita- 
lion still jirevaiis. 

Tlieieare some i uik^^ ui the X -Uiy plndoerai)lis ol Paiidamis and Musa 
sapientuni and Uie spots on tlie equatorial layer line lie on the litq^s. S])ots 
on the other la,yer lines are absv.nl- ddiis also ludiiates the disordered 
arraneeinenl of the fibre molecule. 

d'he diffraction tiatleiij of As-;ave Americana i»roduces some rin.es followed 
by diffuse bauds. The first two rings are so marked with greater intensity on 
tlie equator that they give rise to two strong arcs whicli bend along the cir- 
cumference of tlie lesijectivc ring. Tins picture is quite distinct Irom that of 
Calotrojus jigantea or Hibiscus muialiilis where we get discrete siiuls in the 
diffraction jrattern. Thi^ indicates that tlie cedlulose crystallites arc irregu- 
larly distributed in the fibre. 

Coir A and Coir B give tlic same type of X-ray jdiotograpli. TJiere are 
two strong arcs followed liy- ditiuse i mg'^ lait tlie ends ol eacli arc are more 
intense tlian tile middle portion of it. The dislril)ution of intensity of tlie 
first arc of Coir A cliaiiges so abrupily at Ib.e ends that it .gives rise to two 
spots ItiskiKovm that in Coir B the ciyslalliles of cadlnlose are at some 
spiral angle to tlie fiiire axis. As the dilfracLion palieviis of Coir-A and Coir- 
B are almost identicab so it can be le.gitimalely concluded that in Coii A 
cellulose crystallites are at some s{nral angle lo llu- fila'e axis. 

In the X-ray^ pattern of Coma on the seed of Calotropis jigantea tliere are 
some rings with diffuse bands. This photograph is similar to the usual powder 
photograph. It indicates that the cellulo.se nystallites are randomly distri- 
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Jjiitcd ill til is fibre. This picture is quite different from other fibres studied 
and i^ veiy Niinilar tn tin. yoniifi; cuiloii fibre below 35-days where the evidence 
(#[ oriental it fii was aliscut. 

Tlie iil>ru‘. sluditd in this i»ai»ui have not been delignified and so there is 
a slii-lit bu'k ^rfjund scalUiiiii- in every photograph. 

Woiks are 11) In (Utetinine tlu* si/e fd celiiilose iniscelles as well 

as the nature ami the rleejee oi diso ricnlalion of cellulose cr} stallites to the 
fibre axis. 
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THE BAND SPECTRUM OF CADMIUM CICORIDE 

By C. RAMASASTRY 


ior lo/p 


(l^UVI'K IX) 


ABSTRACT. Ilj(^ Kl>criiiiiii cf i dCl ;is t xcilt'd bv r TI. I' nsc’inatoi is iini stii^iiU'd 
rni)] Ihr ud down lo A1S50, TIr* CoiirIi syslun bclwtrii AA2 .i,](i-.?iSj has lucii o\ii iidrd, 
allugcilirr uj bands Ijimur rcroidcd. 'lliC'se aic nrnini*c'd into han a' ssimis wliirli 
cnribltil llic dcTcnninalioii of tlu^ N'ibratiniial conMaids chi(fl\ nf tlu* nppi-’i TIic 

const a Ills art: 




u’^--2()/) i) 


A 'w' - 7 . S 


The- peculiar appLaranci of tlu bands inlci|)r<THl as due to Hit prodissociation in the 
upper vStatc at some liigli lolational lex el of v' 2. 

TIutc* is no evidciKX, in einissu)n, nf the bands itcorded b\’ Wbiltei and Ihmall in 
absorption in Hr rej^ion — 8. Anew emission svstttii is nbserxed in the visible 

regitm consisting of 2o led-degraded bands from |8ooA — .'joijoA , some of tliesj^ bands 
indicated a rotational structure even undci small dispersion. 


I N T R 0 1) IJ C T 1 0 N 

Wic'laiid (1929) was the first lo investigate the band spectniin of cadiiiiinn 
chloride in the course of liis extensive study of the halides of /.ine, cadiniuni 
and mercury, as excited by a high fie(|Uency oscillator. While the halides 
of mercury were found to give several systems, W'^ieland reported a com- 
paratively fewer systems for the halides of /inc and cadmium. For cadminm 
chloride he had only mentioned the existence of two gToii])S of Itaiuls, (i) 
between Aci.^oo- A3.500 which arc diffuse aiul red degraded ; {.;) an ovcr]api)iiig 
gronjt belweeii A3.joo 3300 which aic shai]) and violet degraded. Walter 
and Barratl (1929) photographed the absorption .si)eclra assoiiated with 
Zn, Cd and Hg, in the near ultra-violet and reported three groups of bands 
which iniglit possibly be ascribed lo Cd + Cl, (i) A3)8 i to A3J35 tj) A310] to 
A3077 (3) A3074 lo 3018 ; altogether twenty seven band heads were measured. 
The data were in agreement with the earlier observation by Mohler and 
Moore (1927). Ueser (1935) made a more systematic woik, specially on the 
absorption and fluorescence S])ectra of the halides of zinc and cadminm, and 
confirmed the assignment of bands in the region 3181A to 3018A to the 
cadmium chloride molecule. He also gave measurements of twelve absorp- 
tion bands in the far ultra-violet between A2ir)3-Ai774. The vvaven umber 
*—1639?— 6 
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interval hut bands was shown to increase successively from 850 
uns.“* Ui alxjut Kiou cins,' ^ Coincll ( 193(8) got the ultra-violet band spectra 
of the clilorides of zinc, cadmiuni and jnercury, excited by a high frequency 
power oscillatoi. In CdCl, he rcpoiled a brief system consisting of seven red 
degraded bands between arranged them into two pro- 

gressions with *''0 and i. Tlie constants for tlie lower state were 
estimated as 'o",=33<^-5 cim^' and cm.“\ but those for the 

ni)pei state could not be calculated as no bands were oljseivcd involving 
'•'>1. Ibotopic cHjjjiponents were measured for the 'o, 1) and ^1, 2) bands 
and shov\n t(j occur in the expected j^osilions. In an attempt to systematise 
the band systems of zinc, cadiiiinni and mercury lialides, Howell (19.13) 
ananged the W'alter and liarratt s three groups of bands of cadmium chloride 
(AAj;j8j soho) into a donbiel system represented by the transition ^IT — 
with a 'II interval of 1115 ciir'^ which is in agreement with the predicted 
value nf II pj cni.~' The constants for the lower stale of this system are 
in fair agiecment with those of the lower state of the Cornell system. 

Snniiiiarir^’iig our present knowledge of the band siieclnuii of the CdCl 
molecule, the fcdlovviug systems may be stated to have been definitely 
eslablished : 

Region Transition Occurrence 

I. Cornell System AA2210 '-2181 -S — in emission only 

2> Howell System AA^i.Si 3018 ^If — ^‘^2 in absorption only 

In the course of a series of investigations on the specti a of the halides 
of ('iionii 11-/) elcMenls, Zn, Cd, and Hg, the emission spectrum of cadmium 
c'hloiidc was studied by the author from the visible region down to y\i85o, 
as a resiih of which the Cornell system, mentioned above, could be much 
cxlemlecL Also the \dsiblc bands, the existence of which was just leported 
by Wielaiid, could be pliolugraphed and measured. The purpose of the 
present paper is to recoid these observations. 

l\ X VUA<1 jM K N T a J v 

1 he si)ec'Uuin of cadmium cidoride is excited in a Pyrex tube with 
exlei nal electi odes by means of a II. F. oscillator described by the author 
I Ixamasasti y, 1017 ’. vStrong heating with an etna burner was found necessary 
between and beyond the electrodes. No trace of N.^ or NO bands ts observed 
when fresh crystalline .salt is heated in the tube though the OH bands aie 
invanably i)reseiit (IHate X-rt). But, if fused salt is reheated Ng and 
bands do predominate Tlate X-hk 

The dispel sing instruments employed are the Ililger constant deviation, 
small and inedinm-quartz spectrographs. Ilford Selo-Chrome plates, sensi- 
tised with inobil oil (Ramasastry and Rao, 1947), are used to record the spec- 
trum in the ultraviolet, 
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K li S U h vS 

CoivcU Sysitvi^^As n any as jg bauds are measured in iliis system, 
leprcductd ill TlaleXiej) cl laiued Avilb Hil^^er siuall quail/ instiunjcnl of 


* .The laige diflcKine in llu- (i, 3J Lanci 11 0} tc due to oveTlajipii fj KO haridK. 
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i.iA/iimi at \.‘.2nn Tlic wavclcngtli, iulensity, waveuumber data 
aiul classification of the bands arc given jii Table I together with Cornell’s 
values. The spectnini taken with the larger Hilger instrument (Plate X-h), 
deal !y showed the isotojjic components of 'o, 2, (T ; Ribands, in addition to 
those of (o, 1! and '’r, 2,1 measured by Cornell. 


'I'.dile II gives tlie vibtalioiial analysis of the bands (each band is re- 
presented by its intensity! which is .an extension of the CorneH’s scheme. 

'file new data enabled (he deleiinination of tlie vibrational constants of the 
upper state as well, which could not be obtained by Cornell. The constants are ; 

'=26.1.0 A-/oj/=7.5 




t 30 .o 


x/w 


'I'able III gives (he obseived and eak'ulated isol(;pe .shifts for the different 
bands. 'L'he agieeinent confirms (he vibrational assignments. 

h'ailure to obseive piogressions of these bands with r' >■ 1 led Cornell 
to suggest the occnrrence of predissocial ion in the u](per stale for vibrational 
h ve! ol higher (luanlinn numbers In ordei to examine this feature clearly, 

the aulhoi has laken a numbei of exposures. Although there are bauds 

involving higher c)uaiiLnni nninbei'., still llie syslein exhibits a peculiar 

appearance, 'riu' heads, foiining the progressions ;'' = o and clearly 

red-degraded but the extent of shading oil, i.c., the extent of rotational 
strnctnie, diininisl'es veiy rapidly .so that the bands with t’'=: 2 are narrow 
and those with e'- 3 aie liiie-iike and very faint. '1‘his might, in all pro- 
h.ibilily, be aceounted for by the occnncnce of prcdissocialiou strongly fli 
the u|iper state starting at 3 stage corresiiondiiig to some higli rotational level 
associated with 


Iloivrli Systi in . — Tins system is not ob.sorved in emiBsion by the author ; 
Cornell made no mention of it. It wms observed only in absorption. How'ell 
anabsed it as due to *11 --X electronic transition, on tlie analogy of the other 
halides of Ilg, ar.d Cd. The sharp and violet-degraded emission bunds, 
briefly refened to by Wieland, could not be detected, even when special 
precaution was taken to avoid tlio on Iiunds in this region by keeping i)hos- 
[ilunoiis peiiloxide in a side bulb of the evacuated di.schargc tube for two days. 

Visible /.kiMd.s'.“T'xamination of the spectrum in the visible region revealed 
aiiollier .system between A4770-A.1050 wliich does not appear to have been 
recorded by any of the previous investigators except Wieland, w'ho made but 
a mcie mention of it. About 23 bands are listed in all, of which only 14 
could be measured from lire constant deviation spectrograph, the rest being 
Iroin pictures taken with .small Qyarl/ instrument, liven under the small 
ilisi'Cision of the constant deviation the rotational strnclnre of the more 
ivfrangil lie b.ands could ho <>l).servcd. Some are double headed probably due 
to the chlorine isotopc.s. Approximate measurements of the band beads are 
gi\'cii in Table 1\ . Tlie interval between alternate bands is only about 
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300 cm, wlicreas the tiociuciicy of the ;;round state of the CdCI molecule is 

330.9 cm. / 

^ second 

grout) bands 

in the visible 

can 

also be dearly 


observed but ween A6400 -A5 ^|oo in a liigh dispersion spectrogram (15A per 
mm.). There are altogether about fifteen bands ; they are red degraded and 
diffuse but not measurable. Further wurk on these visible bands, chiefly to 
study their rotational structure, is in progress, 
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ABSTRACT - '1 1)( t up (T (I I Ihrout^li sndnic v^ijoui i.s dc‘scnt)L(l a 

'.niiiM (if ( ontiimDiis in Hit K^j^ioii A3 ooij-A](;5ij, 

i\ iiLiinlicr (»1 sources of conliniiou.-. spuclruni Ikinc been desciibed by 
sevcrid ijivestir^alors foi usl in llic ultra-violet. 

I, 'rile undei-\\aler spark 'I'lic iiiidcr-water spark l)etv\cen aluminium 
elcctiodes seams at one lime to lie Very extensively used, but it is inconvenient 
to work with as the electrodes tall olf very quickly and the source require.s 
conslaiU attention. 

I'lie Helium I'oiitiiuium . The helium eontinuuni is particularly 
useful for studies in absoriition in the vacuum [patiny rei^ion l)et\\een 
AAiico hoo. 

Ihiriiin); uiaMPiesium ribbon. ^ 

.). Continuum cinilted liy tlamcs such as CS^. 

5. A high ( 111 rent tungsten filaineiit (Ikuller and Metro]iolis, 1040). 

0. Idectiically exidoded mercury (Knaiiss and Bryan, iQ,:i5)' 

7. vSpaik between mixed metallic electrodes. 

'Phe sources p to 7 are occasionally used for [larlicular regions of the spectrum. 

The main sourees of continuous spectiuni that are most generally 
employed aie the l.yman cajiillary discharge and the hydrodgen discharge. 
A convenient iiiodiheation of the original Tynian discharge tube was described 
ill detail by Collins and Price ^1034). tip of this source the 

reiiiiiremenls arc . a traiisloniier, giving 13 to :jo,ooo volts at the 
secondaiy, a leclilier, a condenser of capacity one inicio-farad capable of 
withstanding a high voltage and a milliiiieter bore pyrex or qiiait/ capillary 
discharge lube. In spite of its higli intensity and the extent of the spectrum 
(from visible down to A.ioe), Us chief disadvantages are the early wearing out 
aiul the consetiueut replacement of the cai)illaiy tube through which the 
condensed discharge passes and the enalic nature of the drscharge which 
makes it unsuitable f(n spectro-photoinetric work. The hydrogen discharge 
tube, 1)11 the other hand, luns smoothly and with a suitable souiec of electiical 
excitation gives a fairly intense continuous spectrum which can be used even 
for quantitative spcctropholonielric: investigations ovei an extensive range of 
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the si)ectruin from visible tlown lu \i<h>o. Iti recent >’cuis this In I vIu used 
invariably in [neferenec to ewry <>thei type of source. 

In the course the author's iiivesti^t^ations on the band sjicctra of certain 
diatomic and iriatoiiiic molecules, it became necessary to devise a vei v simple 
and convenient source of ccmtijnious s[)ectrum, as tJie liydroi;en souice could 
not be set uj) on account of inadequale laboratory facilities dining the war 
period. The spectrum of the hii.^h frequency dischargee through iodine vapour 
was then under investi),;ation by him as a j)art of systematic experiments made 
to ascertain the origin of the IkokIs of the various iodide molecules. 'I'lie 
II. h, iodine discharge sliowcd an intense continuous spectrum from the 
region A3000 to Aig^o undei the conditions of excitation descrihctl below\ 

A f|uart'/ w’iiidow’ is attached with shellac to one end of a thin walk'd 
pyrex 01 (juart/ tube of about half t(» three-fourth inch inlcnial diameter, the 
other end being diawn into an adaptor to be connected to an evacuating j)njnp 
througli a series of absor[)tioii toweis to piaw'ent iodine vaj)our fr()in entering 
the pumping system. I he 11. Jk voltage (about 1-5 volts) available at llie 
ends (U the lank cn cuil of Hart lew sliuut-feel valve oscillator (frequency of 
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narllcv Shunt-fed t in nil with two O- nun PX^ valves in pfirallel 


— lou 111 in.f, v.jriable, 2 in ni aii gap. 

0.01)5 in«f. mica. 

Cj = o.n02 ni.f. niic.T. 

R =T\no 2^fOni) ohms t watt i irljoii resistors in £)arallol. 

L turns of eoppci wire in. in. ditiin ) rui octagonal ivoudcn former (lo ein. diani.). 

about 5 megacyeles) is applied to the tube by means of external electrodes of 
brass or tin foil. The distance between the electrodes can be altered by 
sliding the electrodes along the lube. Details of tlie electrical set up are 
shown in figure i. A wet cloth or cotton, WTapped round the tube near the 
window, .serves th.e double pin pose rif not only jireventing iodine from 
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ABSTRACT 'I'liL* ss.T nj) of II 1 . disrhiii^a' \jqn>iir i.s dcscnhcd ms a 

sinijiL s'iiiKi <'l ( (iiitimioii.s spi t li um in Ur- region A^^of»o-A]pc,u. 

A miiiihcr (jf sources of conliniiuus specliuni liaw been desiiibed by 
several investinalors for use in llie ultra-violet. 

1. Tbe nndei-walei S[)ark . 'I'lie under- waUr spark between aluniiniuni 
elect! (^des seems at one time to be very extensively used, but it is inconvenient 
to work wdtli as llie electrodes fall nfl very quickly and tlie source requires 
(‘Oiistaiil attention. 

2. The Helium Continuum . The helium ccjntinuuni is particularly 
useful foi studies in absor[)tion in the vacuum .^rating region between 
AAooo - Ooo. 

3. Hurning magnesium libbon. * 

d. Continuum emitted by llamcs such as CS- 

5. A high cuireiit tungsten lilaiiieut (Bculler and Metropolis, Jt»o). 

(). bUeclrically exploded mercuiy (Knauss and Ihyan, 1935). 

7. S^paik between mixed metallic electrodes. 

The .sources 3 to 7 are occasionally used for particular regions of the si)eetiuiii. 

'rile main sources of eonliiiuous spectium that are most generaily 
employed are the hymaii capillary discliarge and the hydrodgeii discharge. 
A c onvenient iiiodilication of the original J,yiiian discharge tube was described 
in detail by Collins and Pi ice h'or a set up of this source the 

reciuircinciits ai\ . a transformer, giving 13 to 20,000 volt.s at the 
.secoiidaiy, a lectifier, a condenser of caiiacity one micro-farad capable of 
wdthstaiiding a high voltage and a millimeter bore pyrex or quail/ capillary 
discliarge tube. In spite of its higli intensity and the extent ol the spectrum 
(from visible down to A200), its chief disadvantages are the early wealing out 
and the con.seciueiit replacement ^of the capillary tnl)e through which tlie 
condensed discharge passes and the enatic natnie of the diseliarge whicli 
makes it unsuitable foi spectrc^"t)hotometric vvc^ik. 1 he hydiogcn divschaige 
tube, on the other hand, luns smoothly and with a suitable .source of elecliical 
excitation gives a fairly intense continuous spectrum wduch can be used even 
tor (luaiilitativc si>eelrot)hotomelric tmesligations ovei an extensive range of 
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the S])eclriini from visible.' down to Ai«'h)u. In recent yoin> tins is used 

invariably in preference to every olliei U’pe of sonree 

In llie course llie author’s inveslii^alions on the band s[)eclia uf certain 
diatomic and iriat<)mic molecules, il became ncc«.ssary to devise a ver\ simple 
and convenient source of continuous spectrum, as the liydroi^eii souice c'ould 
not be set up on account of inadetjuale labtnatory facilities during the war 
period. Tlie spectrum of the hi;^h frequency discharge through iodine vajkour 
was then under investigation by liim as a part of systematic experiments made 
to ascertain the oriKiu of the ]>ands of the various iodide molecules. The 
11, h. iodine discliaree showed an intense coulinuous Sjiectrum fiom the 
lej^ion A'^ooo to Ail)c;o iiiidei the conditions ol excitalitkii described bc’hiw'. 

A (tuart/. wdiidow is attached with shellac to one end of a tliin walled 
l>yrex oi (iiiarl/ tube of about half to three-fourth inch inleinal diameter, the 
other end bein^^ diawn into an adaptor to be i'oiinected l(-> an evacuatini; pump 
Ihrou^li a scries of absoiqitiou tow ers to prevent iodine vaptuir from entering 
the pumping system. The b. h\ voltage (about 1J5 volts) available at the 
ends of the tank circuit of Hartley shunt-fed valve oscillator (frequency of 
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about 5 megacycles) is applied to the tube by means of external electrodes of 
brass or tin foil. The distance between tlie electrodes can be altered by 
sliding the electrodes along tlie tube. Details of the electrical set up are 
shown in figure i. A wet cloth or cotton, wrapped round the tube near the 
window, serves tlie double puipc^se of not only preventing iodine from 
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foi piihlicalioti, Scl'>i . /r;/;’). 

(Plate X) 

ABSTRACT ’llitsj upoffl. I . (limu^h ntdim.' is descrihcd us a 

wiiiH < n| (‘oiilijuiMiis spc^ tniiii in tlic I'fRioii A^ooti-Ajp^i i. 

A luiinlier nl snurces of coiilimioiin spcttruiii liavc Ixtii clesiiibed by 
sexcral iiivi .sligalors for um- in llie ullra-violel. 

1 . Tile iiuckr-walei spark ■ Tlie luulor- water spark between aliiiniiiiuin 
electiodcs seems at one time to lie very extensively used, but it is inconvenient 
to work with as the electrodes fall oil Very quickly and tile source re(|uires 
constant attention. 

2. The Helium Continuum . The* helium e-ontinunm is particularly 
useful foi studies in tibsorption in the vacuum prating region between 
AA()eo Coo. 

Hurning magnesium ribbon. * 

.]. (.'ontinuuin emitted by llaiiics such as CS:.- 

5. A high euireiit tungsten filament (Ueuller and Metro] lolis, 1940). 

t). I'ilectiically exiikided mercury (KnausS and Bryan, ro^ss). 

7. Spaik lietwecn mixed metallic electrodes, 

'I'he .soinces to 7 are occasionally used lor particular regions ol the spectrum. 

The main .sources of continuous spectium that are most generally 
employed tiie the I,yman capillary discharge and the hydrodgcii discharge. 
A convenient modification of the original kynian discharge tube was described 
in detail by Collins and Piice I1034). 1 '"* *1 s^-’t up of this source the 

requirements ate . a transformer, giving 15 to ::o,ooo volts at the 
secondaij', a lectiliei, a condenser of cajiacity one micro-farad capable of 
withstanding a high \oltage and a millimeter bore pyrex or quaiTz caiulkuy 
discharge tube. In spite of its high intensity and the extent of the spectrum 
(fioui visible down to A.^oo), its chief disadvantages are the eaily weaiiim out 
and the con.sequeiit reiilaceme’nt of the cajiillary tube through which the 
condensed dischaige jiasses and the eriatic natuie of the elisc'haige which 
makes it un.suitable for spectro-photometric woik, 'I'he hydiogcn discharge 
tube, on the other hand, urns smoothly and with a suitable source of electrical 
excitation gives a fairly intense continuous spectrum which can be used even 
for quantitative .siicctroiihotonietric investigations over an extensive range of 
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the speclruui from visible clow n to Aiboo. hi lecetit years this is l)elue, used 
invariably in [neferenec to e\'ery dUiui type of stnirct\ 

In the eouise tlie author s ill vesligalioiis on the band si»eelia of eeitain 
diatomic and trialoinic molecules, il ]>ecainc necessary to devise a very sini[)le 
and convenient source of conlinuous spectrum, as the hydro.eeu source could 
not be set up on account of inadetimile laboratory facilities dining the wai 
period. The spectrum of the hi^h frciiueiicy dischar.ee through itidine vapour 
was then under investigation by liim as a jiart of systematic experiments made 
to ascertain the origin ol the bands of the various icxlide molecules. The 
11. h. iodine discharge showed an intense continuous spectiuni from the 
region A3000 to Aipqct \mder the conditions td' excitation described below. 

A (piart/ window is attached with shellac to tme end a thin walled 
])yrcx 01 (|Uart7. tube of alumt half to three-fourth inch iutciiial diameter, the 
other end being diawn into an adaptor to be eoiinccted to an evacuating pump 
through a sei ies of absoi'lition tow ers to jii event iodine vapour from entering 
the pumping system. 'I'he K. K. voltage (about j .'>5 volts') available at the 
ends of the tank circ'uit of Ilaitlcy shiuit-fecl valve o.sciliator (frecjuency of 
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— u.«*02 ni.f mica, 

I\ —Two 25 ,(K.)o olnns i watt c irhon rc*si.strjis in parallel. 

ly - -K' till ns of etjpper wirt- h nj.in. diain ) on oelagoiml worjclen former (10 ( in. diain.). 

about 5 megacycles) isapi>lied to the tube by means of external electrodes of 
brass or tin foil. The distance bcUveen the electrodes c'an be altered by 
sliding the electrodes along the tube. Details of the electrical set up are 
shown in figure r. A w et clolli or cotton, wTajiped round the tube near (he 
window, serves the double purpose of not only preventing iodine from 
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on tliL window hiU dlsu ensures a stately su[>ply oi vapour from 
indiiK c rystals deposited untienierilli it. No heating is necessary as the heat 
of Wn dischaige itself is suflleient to produce enough vapour pressure of 
iMdiiK. The continuous si»ei ti uni is most intense with an optiiiuim electrode 
distance and high iofline vajajur pressure. If at any time the iodine deposited 
itself f>n iln. window a ecntlL heating with a spirit lamp is enough to clear 
ilie uindi»w. Wluji iodim, gels exhausted in the discharge lube it becomes 
ih.fcssaiy to intinduci.' a few crystals again. 

Witli a Ililgei iiiediiiui (juartz spectrograph exposures of even three 
minutes were Itmnd sufficient to olHain the continuous spectrum down to A.>o6:j 
w itli the discharge tube facing the slit directly. It shows tlie well-known 
iodine baiuls in the visible, d he characteristic iodine con timia and diffuse 
liaiuls abf»ve A ^joo (Curtis and Jivans, 103,^; P. Venkateswarlu, 1946 and 
1017) observable. I'lie ollici System of diffuse emission bands below 
A :^(^or) [wx probably* masked entiiely bv the continuous spectrum such lliat the 
speclinni uiiis (juite uninlerrujjted down to the resonance line of iodine at 
A.,'03 c Reproduction of the region of tlic spectrum below A3000 is shown in 
Iw'o seclionsin Plate XI — a and In The continuous spectrum, however, showed 
signs of exlending niiich bLdow’ tliis resonance line. A moderate exi.'0sure 
with a llilgei small (|uait/ instrnmeiU gives the continuous spectrum down 
to the limit of the instrument .it about A1S30, llie atmospheric absorjition 
bands also being recorded (Plate XI — t ). 

An ordinary luicondensed tiansfonner discharge through iodine vapour 
also is found to develop this continuous spectrum though it is compirativcty 
fainter. A siinikir coni imious spectrum is obseived in the II. h\ discharge 
through bromine as well iPlate XI — (/). Perhaps, it is a characteristic of the 
halogen nmlecules and is analogous to the continuous S])ectnun emitted by 
hydrogen. 
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A NEW CRYOSTAT OF THE GASFLOW 1 YPE AND A 
QUARTZ FIBRE MICROBALANCE ADOPTED FOR 
MAGNE-CRYSTALLINE MEASUREMENTS * 

Bv AK.SHAYANANDA BOSE 

(yv i'( (’/■ lM’ij /oi l^uhliL'nlion, /. iQiy} 

ABSTRACT. In the l)ist flu iMjKi .1 tlfSiMipri' Ml <•! ji now hMui oi antoinotii'i'illv 

gas /low type ol (M . \\'Ml:ing Ik/wccii K aiul S t' Iv* is givrn. Tin* 
orvostat is siiiti'd lungiiotiE iiusiMiuMnonts on single rn stals al Tw\ toinpern/nres. 'J'lio 
leinpernliire can he maintained sUady t'> ahuiTl o . o witJi its help for long periods. 
Inlliclattu paidstlu tLchni'pics foi the nn asniLincn!- of anisul i epics and that of priju'tpal 
siisccptihditics at low lcni[)aalurcs is dtscrilxd A «iuartx fibia lt>i sii mi niicruhaUincc liuh 
liccn devised, spcually for this lattc<^ tin asinenunt, with the 1 jc1j> (d which the foiccs on a 
(MAsial Ml an inhomogt tu ons laid uin la (piii klv and ac(airatcl\ nu.isiii'jd. The .same 
U' hnic|nc.s ('ould he c\tendcd ilown ti» li'jtinl hydrogen or In liiini tcinpeiatnres when available, 

I NTR Ol) U CTION 

111 tile course ()[ l1ic iuvcsiigatioiis oil Die low kTuiicinUire htdiaviour o| 
tile ijaiTiiDthmiclic salts of i ho iioii grouj) undertaken by Die autliur in Diis 
lahoialory, he cle\'eloi)ed the leehniijue of Die niagiielic incasurLTiients on 
single Cl ystals at low leniiieralures dioVMi to Die liiinicl air loniperatuve. The 
lecliuiqiie presents eca-lain iiew iLalliies, in Die de.sign of the cryostat and of 
Die torsionlKdance for the iiieasureineiils (jf alisolule siiseeptihilities of crystals 
and also in the arranecnieiils UM-d for the nieasurciuents of ariisotiopies. 
The inesenl jiaper givc.s the details of these low teniiieiatnre tecliniques 
^^]Iich have since been used by a large nuinlier of workers in tliis laboratory 
working on similar lines. 

T 11 K C R y O S 'r A T 

The otigiiial type of cl■yo^ldt dL-sit;ned by tbe autljor and used by variuiis 

woi kers (Kiislinan and co-worktis i()j0 ig^n) in this iaiioi alory for inagiietic 
ineasui'enu'iits on crystals a1 low teinperalufL-s, w as of llie liquid i)alli tyjic. 
Teti oleum cllicf of low ljoiliii.a jxnnt was used as llu batli liquid and its 
teini»eratuie \c is kept eonsiant at .my desired low teiupeiaUue within a um.ce 
of o i”C by an aulonialie relay syslLin toiiti'oiline the eo iiing oi the healing 
of the bath. Details of the cryostat arc to he found in the pai)crs already 
mentioned. As was pointed out in these papers the main disadvantage of sv\cli 
a cryostat was that the available i aiige of temperature was limited to w ithin 
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ahum i.jo' K, sincf at lowxr ti-iiiperalurus the liquid hccaint liiglily viscous 
iiialriiig it (lifficuit t(> iiiaiiilalii a iiuil'irm Icmperaturc h>' stirring. 

In uidir to L'ci 1 Dn^ and a lew oilier minor defects, a new cryostat 
UJoM , igpi; of ilu- lli, \ type was designed and used in uiir lU'esent 
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nieasurein^iils. From a din.Lirani (u tliis cryoslnt . i) it will ho soon tlint 
tliL* main i)arls of lIuMicw crv«>stat aiv : (r) llio thci inostalio sysloin, ai>[)carin^ 
in the nhcldlo ])ortion of Hk* dumiani and niaikod , 1^, in wliich the tempera- 
ture IS maintained euiistant for inaL^nelie mea.siucji;enl.s ; (jj llie airan)^emeiil 
for the sufiply of dry cold air to the thermostatic system, maiked Ao, on the 
rie.ht hand side; (3) the control system d on the left v\ hich regulates the 
supply of cold an into tiie tlKiinosiat; h]) the anane.ements for the measure- 
iiieut of the low temperatures ; and (5) tlie aiTai4:emenls for nnmnetie 
incasnreineiils at these low tenit)eralui\ s. These various i>arls will l)e des- 
ciihed in the following paragraphs. 

(j) Tile cryostatic chamhei wlieic the temperature is maintaiiietl cons- 
tant consists of a cyliiidtical double walled \’essel the holiom of whicli, 
liowever, is siiif-ile w ailed and eui)shapLd. This c'hamber fits smp^ly inside 
the eylindriea] Dewai \'essel l\ ()\ internal diameter about 5 cins. The walls 
of the chamber are of thill eopi)er sheet about ] mm. thick and the toj) of 
tlie elinmbcr is dosed by a l)raxs disc* /I, wiih a central hole throiiidi which 
the exiieiiineiilal tnl^e is fitted leakti-lit wnlli a conical collar ananyeinenh 
h. The aiuiulai s])ace, of width about ; mm. between llie two walls, is 
closed at both ends and serves as the bulb of a constant volume air thermo- 
meter. It i.s coniieeted liy a cai)illary Pyrex t ubmj^, /i , to llic manomelric 
system of the temperature conliol device. 

The usual disadvantages in these ^i\s flow lyi)evS of cryostat are the 
difiicully of maintaining tlie teinpcratnie in difTerent parts of the cliamber 
uniform, and affording an efTu'ient exchange of heal betwei-n llie Howinj’ gas 
and the walls of the cliambLr. In the present arrangement these difiieulties 
were overcome by the following sini])le de\ice. 

The chamber is cooled by a How oi cold air from the refrigerant system, 
/\\ led into the bottom of the ebambei by the tiilie / j, and out of the cliamber 
by the exit tube f.jj at the loj). 'fhe whole of the space inside the clianiber 
contains a senes of 50 discs of tjjhi co]»i»ei , </, of the same diameter as the 
inner cylinder of the chamber, and disposed per])endicularly to the axis of 
the cylinder at equal intervalvS. These discs have a large number of holes 
each about i mm. diameter through wliicli the cold air is chawui up from the 
bottom of tlie chamber. Tlie discs are, however, so arranged that the holes 
in the adjacent discs were never vertically above one another and in cousc' 
quence the flow of cold air is rendered Inibiilent by tlie successive interruption 
to its straight patisage. 

(2) I'he circulation of tlie cold air is maintained and contndlcd by a 
suction pump, /b» fhe speed of which can be adjusted. Atmosjilicric air 
dried by passing through lime and caustic potash toweis is precoolcd at first 
by its passage through four coi>i>cr tubings enclosed in a single w ide copper 
tubing through which, on the other hand, the cold waste air from the cryostat 
chamber is made to circulate in an opposite direction to the ingoing air in 
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Die tour narrow cni.pr r tnlnnp.-.. 'I'lu tnbiiujs me of -;ufl'icieiil length to provide 
an elTK'ient lieal exeliaiu'e lalw i' tlie incoming atmospheric air and the 
oi!t}.',oij)K waste an , ^I'his ( onnleienrieiit heat-exehanger system is niaiked H , 

iji the fliaien'jiHi. 

Nkxt, itiLCookjl nil 1- I ^\i\Liy rtjulcd ]>niclicnllyt()lhL‘k‘ii!- 

jH-i ntiju* (k jifiuid nil li\ its l Ijijiui'Ji a s\ of (a)i»ptr tubiiif^s in 

llie lorin (‘f spiiais kLpI insid. 1.;- i efi igeraul t lianibii' /\ This cliaiiiber 
cffiisists ni a t viiiitini'a) taiii. 7 i, iiiadu ci llhii Itrass slit^el, coiiUiiiiinR liquid 
ail, / , and plat ul iitsidt a lai a.* OeVvar jJask, 'idle of tlu- liquid 

ail ill lla taiiK i- ijalicwted by tin d} vx-iiii-j iii».S'-iirt' aaii.^o, (r, so that it may 
b(* n.]»k iiislik d ill time tlimnjdi llie inkl, /, it^iiall\ kr])t rinsed nilli a coik. 
d’lie first en]>p(j) sjiiiid, Sj, wliJi li the iiKOiiiiii- aii eiierfimtei s is placed above 
tin.' ]i \'t 1 ftf Hqiiirl air m tin. laiif and i-. ent d ini J\' l>y llie vaiiour risiiiL^ 
fioiii llie iiipiid. 'Die end nf lliis ‘-j>iia1 is iniinerscd nndei tile bquid air and 
till' iiu’oiiiiiip an bnbliles (ml at tins end lluoiieli -lie liquid and mixes \\ itb 
llie vaitour abn\'e, e(!(j]im’ fi esli lots nf iiu'niiiiiii' aii in tbe spiial, s^, broin 
litis sjKiee the cold ail then Lnleis ilic next s])iral >0, nnmersed in liquui 
;iir tin niiL’h the end nf tile s]di al Le])t alinve the level ol the liipiitb Tlie air 
is luae iiiluiSkIv cn()Ud down In the temjieratiii e nl litjuiel air and passes 
nil tlirniiKh the nlliei uid nl the spiral, thmu.eli the double walled vaennm 
jacketed Vyixx tube, and t]iionL;h the inlet tnbea / 1 , to tlie boLloni of 

ll)c Cl yostat eliaiJibei . 1 1 llieii jxisses npw aids tin oiieji tlie perforated jdrdes, 

(/, alieadN' incntioiied, cntdiny, the uliole system and tlienc'e lliU)ii,ch llie 
\acini)n jacketed Inlie, I 1, enleis tlie c'onnlei cm 1 eiil lieat-exclian^cr^ /7, 
wlicic it ;’ivcs np the residual cold 1(.> ilic iiiaoin^^ aii fioni the dryinj; tov\ers, 
and is tinallv sueked out by the immiq /']• throu.!^h the outlet O. Due to 
the turbulent ilow' at the iiei loiated eojqier discs and the high conductivity 
of coppci a tlinrnilgh exchange nf lieat takes place between the cold air, the 
copper discs and the walls nl the chamber, and this st'rves to give a fair 
iinifuiniily of lempcralnic over (lie exiicrinieiital tulKs Furtlier, the heal 
insulation of the system is so good and its thermal capacity so adjusted that 
the lcinj)erature may be kejit model alely steady, even without tlie help ol 
any continuing system, and at tbe same time tlie liquid air consumption is 
quite model ate. 

(3) The temperature control device is essentially the same as descrilicd 
in onr i)ievi(.)Us i)a[)er in connection u illi tlie original form of the cryostat, 
excei>t foi a few inodificalioiis to increase its sensiti\'ity and to secure its 
smooth woiking over a lung run, The \arious pails of the system may be 
easily followed from Fig. i. Tlie interspace, r/, between the two walls of the 
cryostat cliainbcr, ar^ lias already been mentioned serves as the bulb of a 
i'onslaiit volume an Iherniomcler. Due to its annular shape the present 
arrangemcnl in iiddilioii to economising space, conduces to a quicker and 
larger response 10 the fliictuations of temperature inside the cryostat chamber. 
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In tile l)ai()iiK I lt iioilioii oi the mmrol s\>Uaii, lom^ iu\ssni\' lulling 
counections were a:_' jar puhsihu- aNoidutl, irj)laeni.e rdulK'-j, 

1 and /io, siiiec iiaieuiy Miilaec touIc’<l hy lony euniaet wiili ndd)cr. 

1 lie «.a|)illary tiilju, /i^ i:-, oi IVux .elas-^ to ]»ic\'lii 1 bieakae.c due lo iiiteii>L‘ 
tooliiye. tln^' eaidllaiy oi oidinaiv .ela.-^^ so tlial tlii- piatiniiiii 

ekiclrodes, a/ ^ and ^ervin^ tn idosc tlie itla> taiaaiil, may l>o scalud into 
it. Previous expeiRiut.- show ad (liat tunasleii (outaels used earlier v\ei\; 
a eonstaiil suUU'u oi ljuuble duo to rai.a.1 iMiiiatioii ol' a losistaiiec uxide^ 

\'eiy diliicull b; renioNo. 'Hk baioiuciLi ectiumii, ;W ) , and tubes io>, /^i, 
H] and /13 meet end to end and aie unuiLeied to (iiie anotlur by shoil pieces 
oi lubber tubine and <.'ontain tepui^itL amounts ol clean 1111,1 eiuy. 

Llie iiiLreury level in Ur IuIil // 1 , is so adjusted that it just IoucIk’S the 
iippei i>lalinuin eket 1 ode . *'/], wlolc llie otliei klectnule, leinaiiis always 

uruLr the nieieui\. A relay^ /{j, ol ilu maRUetie eoiitrol lyjie actuated by 
a feeble cun eiii ol about s iiiilliampe 1 lS is eomieeled at'io^s the electrode^ 
n? 1 and ///o, and niaias the ciii'uit o| a scc’onil irlay, K.>, so loipu as the 
oontaet at the luercuiy lewl is kept cIoschI, 1 ' 1 k‘ second ic'lav of .rpavity 
eontiol type, in its turn, cairyine. a lieavu 1 tuireiu ol' altoul oau’ amperes, 
closes the circuit oi tiie motor j'luap whicli suek^ cold aii thioiich the 
cryostat clnimber, ( oobny it llieieliy. '1 Im stopcoe'k , e, is k(.‘])t opcai ui llie 
nieanw’liile connecting, the intu'-pace, a, witli the alnuespiieu*. 'rhusllieic 
is no ebanee (k incssiire within the iiiteispaee and the level of nic-rcuiy 
stays on louchiiiL' the L lectiude /n ^ , the ))Um] » runs on, and the teiniierat ure 
inside IIk ciyostat clianiber eoes mi faiime . When a desn ed teinpeiature has 
been attained, the stoi»e(.)ek, A, is (.dosed and the lall of jnessuie due to any 
liirther eooliii.e of the cntdfised an , at oiu c bleaks tlie nierciny I'ontact and 
the pu)n]> is shut oik khe small lie-’at k aka;.>e from outside is just enoufth, 
however, to start the i)um]> very soon and the rate of snetion oi cold air is 
so adjusted that the eoolin.e just balances this ]ieatii]^4 and a veiy steady 
temperature inside the eiyustat eliainher (williiii about r).oi O is soon attained. 
Tlu Jiierciny snilaees at tlic plalinnni conlaet ///i, and in the enp ( ’am'i t 
covered with edyeeiine so as U) avend oxidation ol the sui faces. A condenser 
of :i micro-farad t’apacity is coiineelcd in ijarallel with tlic iilatinum elec- 
trodes, ni) and uuj to damp out any sjiarkmg. A complete set of niaj^netic 
measurements between K and >\(AK at nilervals of about and lasting 
over about 4 hours recjniied about li liti es ol licpiid aii' including losses at 
the start, and an extra (inaricr litre was loimd to be enough for taking a 
second set of oliservatioiis over the same lange starting from 80'^K and going 
uj) to room Icmpcialure. 'khe second set of measuienienls acted as a clieck 
on the fust, and served furtliei t<j leveai any permanent modiilcaliou in the 
crystalline form that might have occnried at the lower tcinpei atures. 

(4) MeusurLiiu'Hi oj it iiiju'uuuu'.s , — Aiongli indic'atioii of leni]jeralure 
inside the cryostat chandler, for initial adjusiiuents may be obtained with the 
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7 //, lu-iiUd tlnodL']} a liolc at the lop of the chamber. 
Ida all aM uial^: d'di rniiiKilioii ()i the tcin[jerat me oi the cryb.tal, however, a 
rop]>ei (oirdantai) rouple v.:is 1 <>iil junciioii, 7 r, ol which, sheathed in a 
jia.jiov'. Pyiex elas- tiilK v>a- I .ii^ide the experimental tube, side by side 
witli llir M\>'-lal; 1]h- nihei juiution (*f llie touide als(» similarly sheathed 
Iieine l,epl at tin tempeialmi. el nnJlii.e ice, in a ])ew’ar flask. The thermo- 
euntae v^as (alihiaiMl ni th.- uMiai manner tisinp tlie following standard 
temper. , lure . h^e(' In I'.iiiadfjiia] Cii^kal 7 'af)les, Vol 1 , p. 53). 

(r/) 'flu tuiii'ejalnre nf sUam IVein water builin^L; Linder atmospheric 

piessme l\ namely, 

jiindtni)' C ^ <''(i30y(/j— j(Sn)'C , 

(/>; d'he Itanpeiatuie of the loom nieasiiied w ith a calibrated mercury 

tlieimoiiii tc'i UMilii'e diiecll}' to 1 10' C ; 

d) 'Ihe tempeiature ot pine melt iipe. ici. The null Id 1\1 . observed 

at this temijeiatniL -.erves a^ a rlieel: fui Uie absence of any extraneous K. M. F 

{(i) 'idle temi)ciatuie a imxtuie of solid carbon dioxide and etliyl ether 

rViipoiatinj.' uiuIli' atmosphei K' pies mu e namely, 

’7N'5i' 0-t-o'oj(,3(/)-7ocd C ; 

(a) d'lu. lemi»eiaturc ol liipiul oxy.i^en Iioibne, muler atmospheric pressure 
namely, 

ib3d»(i"C I o'ui 26(/’ — 7bcd°C. 

To measuiL the Id iNl. 1' thennocouiile at various tcmperatuics, it 
was lialaneed a^iainsi 11 k Id M. Id (d‘ a standard Weston-Cadminm cell wdtli 
a deeds and North, up dial l3pe ]>• Aentiomaer reading to a mierovolt, and a five 
constant formuki oi the type 

!■: - a -I /;/-! 

v\'as used giN’ing the 1 eialionsiiip between the Id M. Id of tljc thermocouple 
and the temperature ol tlie cold juiielion in decrees Centigrade. 

The temiieratuie inside the experimental tube was round to he constant 
within about o.oj ' C wlieii the relay system was working smoothly, and the 
vertical gradient ol lemi)eratuie 111 tlie legion occupied by the civstal inside 
the tube Wkis negjigil)le. 

T II U TM H A vS P R p 31 p N T ( t Al A JSI E T T C A N I S U T R O p T E S 

The experimental teehniciue adopted for the ineasuiemcnt of the magnetic 
anisotiopic^s ef single eiystals is us.senlially tlic same as that adopted in our 
previous work (1030). In the expeiimeiital anangemenl lljc crystal was 
suspended inside the exi)enmental chamber 7 ', inserted well w ithin the cjyostat 
chanil)c‘r so lliat the crystal niighl be suspicnded in the central portion of tlie 
uniform horizontal magnetic field belw cell the large flat polepicces P, P, of 
a iiowerful electro-magnet. The suspension fibre (see Fig. i) w’as made in 
two halves, the ut>per part, a iiiie cjuartz fibre lying tiitiiely outside the 
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cryostat chamber and the lower part a stout rigid iihre lying partly 

outside but mostly inside the chaml>ei. Thus the torsional constant of the 
whole suspension fibre was practically iliat of the fine (luart/ libie aluiie and 
remained constant vvlialewr might be llic temperature oi the crystal. At 
the same time, a small glairs index g, fixed hkn i/on tally to the upper end of 
the rigid part of the suspension, sei ved to indicate llie moW Hiint^ of the 
crystal which is invisible from outsitle. "1 he torsum head to which 
the quartz suspension is atlaehed, is ol the vertical d.sc type aheady used 
in our ])revious works (rq^o) iii whicli the rotation ol Ihciiysial ahoulthe 
vertical ax'is is observed as a lolatimi about a hoii/(iiilal axis v\]ih the hel]> 
of a suitable cioss-pniion arraugemet.O /'i, /\>. Tile vahu* ol the aiiisoU o]*y 
Ay per gm- molecule, in Iho liori/oiilal i»1aiie is given by : 
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in which m is the mass of ilu civstal, M its gin. imdecular weight, /i the 

magnetic field on the ci^stal, ca, is the ciiticil angle of toisioii on the fibre, 

observed on the Ifarsiou head, and t . is the eniuail angle through 

^1 

which the crystal turns in the iiiLauwhile from its initial i)osili()n in the field ; 
both these angles being measured fioin llie initial stale in the magnetic field 
when there is no torsion in the fibre to the slate when the equilibrium of the 
crystal becomes unstable. 

M E A S U K E M V. N T O V A 1? S O h U T E S U S C E P T I II T L 1 T T E S 

W I T H A M T C R (.) H A L A N Q" E 

For the measurement of the al)Solute siisceplibility of a cry.stal for a given 
direction, the following iiulhod was adojded. When the crystal is placed 
w’itli freedom to rotate about a veitical axis in a hoi izonlal field //, wn'th a 

vertical eiadiLtil ‘ a.s can he oI>1miiic( 1 near tlie iiiicldle ol ilie mipcr edges 
'll 

of the pair of large rect-nigular Hal and parallel poiepieecs used in the measure- 
meiit of anisotropy, the crystal sets ilseli with the direction of its iiiaxitnum 
susceptibility in tlie hori/onlal jrlaiie, along llie direction of the field. At 
the same lime it ex'|ieriences a iorce in tlie vertical direction given hy the 
relation, 


"1 7-4 


( 2 ) 
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wliuc /.■ ami /, „ arc vtjlmnv.- Miscc))lil)ililic's of the crystal in the direction of 
tlie field ami ilial of the sin i oimdiim air resijecli\ c]y. 'Khe tliennai expansion 

of J 

of thu ciysl.'il huinc' small llir iiilo' rated value of fl , over the volnrne of 

oil 

the (aystal, may lie eon ddeu-d as proportional to this vohniie, provided the 
crystal always lemaiiis in llie sami' positicjii. d'licm it may l)c shown that 


/o 



(3) 


wlicre /■ . and / ,,, are the \’etii('al iorrvs on the crystal at any temperature 1 ' 
and loom luiiixaature resj a eLi\ ely , temjjeJ at in es bciiip iiieasured on 
alj^fiiiite S' al'-, ami aie ilie ej am-molt-euiar suscei)! d)ilitics of the crystal 
alone tile diiaetioii ol the lield al I hose temperal ill es ; the volume sus 

eeptilaljty of an and lhat of iIk ei vstal in the Held direction, l)oth al loom 
teinperalin , and y is the csjefljoicnl ol thermal volume cx|)ajision of tlic 
ciystal 1 inis, il the lorccs /' , at dilleieut tcm]»cra Ini es ai t* ineasincd, knowing 
the alisoluie suweiitihiiii}’ (,f the ciyslal in llie diiection concerned at room 
leinperatine, the valiu-s ol the absolute susceptibilities al othei teinperatnres 
can be calculated. 

llie \'erlic‘al ioit'e^ on the erystal due t(» the inhoiiioeeneniis held men- 
lioiied al)ove, were mL-asnr*.d with the helj) of a (luait/ microbaiance developed 
loi this piti iHjse d'lg. :) Thebe'un, /V. fhc balance consists oj a lliin walled 
(juarl/ lube about 12 cms Iniu; and .1 inni. dianieU i weighing alioiit 0.J5 gin^, 
the two ends of wliieh aie diawn out in the form ol Iiooks. iJic liearii is 
susi»ended exaetiy at the eeiitu witli two pieces of tine (juai t/. fibre, one 
from cillKi side of tile beam, at liclit angles to the beam, so lliat the beam 
and IIk two pie-ms ol jibiL <], ii-.. ni the same lion/oulal plane. U'he further 

eud of oiiL fibre is then attachul to a stout quartz spiral />2, which itself 
is clain[)ed to a screW'slide ►S, with wliich a constant tension on tlie quart? 
fibre could 1 )C maintained. The furllicr end of tlie other quartz fibi e is also 
attached to the pin /’ | , ol a toision head H. The torsion Iiead and the 
screw slide are mounted on a le-sliajied Pyrex tube frame tlie plane of 
which contains the quartz fibres and is at right angles to the quartz beam. 
Uvidciitly, a rotation on the toision head ]U'oduccs a twist mainly on the fifire 
attaidicd lO it, and causes the beam to rotate aliout this liorizoiilal axis of 
tiiision. 1 hiis, a \eilical toice up(»n the end of the beam, such as is produced 
here by tiie atlraclioii (jt tlic- inlioiiiogencous magnetic field on a crystal 
susiicndcd from one liook of the iialancv, may be counterbalanced by rotating' 
the toision Iiead suilabl}^ 1 hc% system is enclosed w’illiin a rectangular 
wooden box /b with a sliding glass panel at tlie lop. The two ends of the 
beam [iroject tliroiigli windows on tw o opjiosite sides of the box and 

are protected from nir-drauglils w ith suitable removable glass faced covers 
to accunuiicdaU' the projecting ends of the lieaim 'I'lius, a p^.ncil of light 
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pai^siii” llirouj^li tJiu front of tliu t'o\x-i ,W, lunl icnexin.! Iku'L fioiii a 

small minor m. m<>uiitccl at angles to aiKl on the iii kUPk' ol the halanc'e 

beam, magnifies its movements. In actual jaarticc, tlie usual scale ami 
telescope arrangement is used to bring back the balance bLam to its original 
position b>^ rotating the torsion head wlieu the beam is dellc('te(l. A mica 
damping vane t, efficiently damps the oscillations ol 11 k beam, d'lie torsion 
pin with its housing passes through one small side of the box, the giaduated 
disc and the torsion Ik ad remaining outside the box for ctniveiiience n[ 
manijmlation. When not in u.sc 11 k balance beam may be arrested by tin* 
spring catch C, worked from outside. 

The crystal is suspended from one aim of the balance with a fine i]iu\rt/ 
fibre /, having Very small torsion constant, passing tlnough a hole at the 
bottom of the window cover, and proiccled on its way lo the cry'lal chamber 
l)y a glass lube 1 \ The length of the fibie is such that the mystal is a 
little above the upper edge of ilu^ large parallel pole-pieces / /’. (hdg. i) 
of the electromagnet, but at the same time well within the ciyslal chamber 
where the temperature is j)rai'l ically uiiilorm. The siispciisinn lilne being 
very thin, there I)eing i)inrticall> no hcn i/ontal gradient of llie (jcld and the 
crystal so chosen as to ha\'c very little anisotropy of shape, the crystal sets 
practically with its maxiiiiuin direeti;)!! of snscc])til)ilit\' in tlie hori/f)nlal 
idane, along the field. Fnrtliei, there is no lateral shift of 11 k' crystal and 
the translational force on it is entirely due to the vei tieal gi adiuit . 'I'his 
force is balanced liy Iwisliug via* mieiobalanee fibre when the crystal is 
brought back to the same position as bet(.)re, as indicated by the scale and 
telescope aiTangcment already mentioned. Thus, the conditions necessary for 
eituation fa) to hold arc obtained to a high degree of accuiacy and forces on 
the crystal known frum the angle of torsion of the fibre. It was lound that 
the force and the angle of torsion were proportional c\’cii w ith such a high 
toision of tlic fibre as corresponded to five complete rotal ions (jf (he torsion 
head. The forces on tlic crystal are thus measuied at various 1 eiiiperatures 
and the absolute susceplibilitK s along the held diiection at these lem])eratures 
calculated Iroin (3). 

C O N C L r vS J O N 

With the help of the expeiiniental techniques described above the author 
made measurements on the magnetic ani.sotropy and absolute suseeplibilities 
of a large number of single crystals t»f tlie paramagnetic salt.s of the iiaai group 
of elements. The results of these experiments have been published in the 
form of a memoir (1946), a discussion of wdiicli will be published in subsequent 
pajiers. Other works in these directions arc in in'Ogress in this laboratory. 
The same techniques could be easily cK]o])led for work dowm lo liquid hydrogen 
or helium temperatures but as there is no arrangement lo obtain liquid 
hydrogen or helium in this laboratoiy or elsewliere in hulia, the author had 
to be content with the measurements in the liquid air range, 

4 — 1CS39P — 6 
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EXTRA REFLECTIONS IN LAUE PHOTOGRAPHS 

OF BENZIL 


llv R. F. SLN 

{Rcn'ivrd foi iuibtiiolion, October /, 

ABSTRACT. In (Ijc iitescTit paper Ihe re.sults tif (he .icvuratt iiicaMirciuents of the 
pobitidiis of extra spots aiul streaks observed in I^auc itliotograpbs of beii/.ilhavt been reported, 
broil) these nica.sui enients it ha.s been .sliown that the reciproeal liittiee points of benril have 
planei exten.sions parallel to ci*c* planes with sharp extension aloiip <i* axes. It ha.s 
also been shown that th»; .shape of the scattering domains around the rei iproeal lattice points 
depeuils on the direction of the incident beam. Tin nature (>f tlie derraiigenient waves giving 
ii.se to Ihe e.xtra rellcction.s have been discn.ssed. 

INTkonuCTlUN 

I^ousdale and , Smith (ic)4i) piililislied ii few very interesting Lane photo- 
graphs of hen/.il showing fairly sliarp continuous streaks and extra spots. 
The continuous streak, s observed in the iihotograph taken with the X-ray 
beam along the [oooi] axis, correspond with the layer lines due to rotation 
around the three two-fold axes. The .streaks extend through moderately 
large distances (e.g., fiom the [3302] Bragg reflection to the I3121] extra spot 
and from the [3T21] extra spot to the [0221] extra spot. In the case of the 
photograph taken with the incident X-ray beam along the [1010] direction 
(the [0001] axis being vertical), streaks coinciding witli the layer lines due 
to rotation about two two-fold axes 'i.c., [1210] and [1120] axes) and the 
[oooi] axis are present. lu this iihotograph Lonsdale and Smith could 
observe up to the third order layer line streaks corresponding to rotation 
around the two-fold axes. Banerjee, Khan and llie author (1945), using 
cylindrical film, observed the beautiful fourth order layer line streaks. They 
determined the positions of the pair of extra spots from the [0440] plane when 
the incident beam makes 0", 1“ and 2“ with the [1010] directions. 'Ihese 
measurements have shown that the [0440] extra spots lie at the position of the 
intersection of the fourth order layer lines which could have been obtained by 
rotation aiound the two-fold axes with the equatorial layer lint which would 
be produced by rotation around the [oooi] axis. In the prc.sent investigation 
the positions of a large number of extra spots for a number of different 
orientations have been measured very accurately and the Fourier transforms of 
the results of these measurements are discussed* 
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!•: \ 1' 1', u J i\l h N 1' s 

A Miiall cry^/uil ol l.rii/ii, cry^tilMsed from etliLr, ^\as nioiiiiied with 

11k [(kkm] axib vc‘iti(':d nii tlic axi.s oi iliu camera. Ihihllurcd X-rays fioni 
a Ilad(lijiK"SiccI>iian 1} j>e of X-iay luhe run at a voltai;c of 50 k.v. and a 
lii])e caiiiciit fioni 7 lo n. in aiiii>s., after bLini^; collimated tlirou.L^l] a slit .5 mm. 
ia diameter aurl ; cm lone, was iacifleiit on llie civstal alonjJi the [1010] 
diieclion in tlie lirst ])lMjtn;’rai)li. llie dilhaeted l^eams were received on the 
cylindrical iiliin I liot^-^aaidis were then taken with the X ray beam making" 
\arions anj.des itii tin. | ooo | diiLction, In each of these lame piiotoyra])hs 
over and al)Mve the barn' spots and the extra reflections *i nnniber of aim 
minium ])owdei »lillraction lines, (obtained by the scattcrine, of X-rays by a 
small ani'iiint of alniiiiniuni powder dusted on the crystal, were also recorded. 
'J'lie indices oi the j^lanes j;ivin.w rise U* the Janie spots and the associated extra 
sp(‘ts were* assii-ned with the help of the Janie eijnatiuns accordin«.Mo the 
method of ('.aiie.nly nil A Inn llie assii’inneiit of indices to tlie extra sput.s, 
the points in tin. ieri[)io('a] c ri esiiondin^e. tf> the maxima on the spots 

aie obtained fiom b'ouriLi tianslorni. The method of obtainiipe, such a 
rcjiicsentalion on the leciprcjc-d lattice is shown, as fnr example, foi the reflec- 
tions con espondini', to the i)hol(»gia])h taken with the incident X-ray beam along 
[ioK>J direction, in Im;-.. c. Imoiii this ligure it is observed that the reciprocal 
lattice points loiiojand L l-p^ol are silghtly away fiuni the surface of the 
sphere of re(lecti(m, so there arisLS the probablity oi the [0.140 | and [4400J 
extra spots oceurrine. in tlie photograph. Now, in tliis setting of the crystal 
the [in 10 I and (noo) faces make an aaigle of 30'' wdth the incident beam, so 
at an angle of 0o“ on the tw’o sides of the incident beam, we shall have the 
bane reileidioii from the [ouoj and | irool j)laiies. Again since the reciprocal 
lattice points [o.)4o| and |4ino| tails ins, de the sj)liere of rellectioii, the extia 
reflections from Injjoland L i.;oo | j)lanes will api>ear al angles smallei than 
that of the coi responding baue siiots. Actually in tlie photograpii along the 
cijuatorial line on the two sides of the incident X-ray beam, there are two lauie 
spots an angle ol Oo and iiiiniediately alteieach of the bane Sj.ots on the 
smaller angle side there is a ])ajr of extra s]>ots. So llicsu double extra spots 

are from the 10440 j and [ 1400 | i)lanes. In a similar way Die correct indices 
of the other extra sjiols liaw been assigned to them. 

The positions of inaxiiiium intensity inside the extra spots were deter- 
mined Nvitli the help of a non-recording |)hoto-clectric pliotonicter. The 
scaiuiitig spot of light was allowed lo travcisetlK exira spot and two aluminium 
powder lines in a single trawrsal ^loiig the eiiiiatoiial hue through the centre 
oi tlie extia spot. '1 lie liawisal was earned on b> sliding the pliotugraph 
in a diieelion perpumlieulai to the diieciion of the scanning light with the lielp 
of a vserew driven !.)>' the hand. The dellectioii in the galvanometer after every 
.5 mm, was noted. Then the tlilference lietweeii Ihi.s deflection and llie 
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deflection corresponding to the clear background was plotted against the 
distance traversed. Three photometric curves — one corresponding to tlic 
extra spot and two very sharp curves corresponding to Die aluminium lines 
were obtained, brom tliese photometric curves the distance \V l)etw’een the 
aluminium lines (corrcsi)onding to the akuninitiin peaks) and the distance 
dj’ of the peak corresponding to the extra spot fiom one of the aluminium 
lines can be obtained accurately. Then the angle of diffraction 0 ,^ conespond- 
iug to the maxiiiiuin intensity in the extra st)ot is found from the relation, 
— where and 0 . are the known angles [ 0 , > 0 ^) of difl'rac- 
lions corresponding to the ahuiiinium lines. Tor spots lying above or below 
the equatorial layer line, llic extra spot was once scanned through its centre 
parallel to the equatorial line and ag;ain it w^as scanned along tlie i>eri>endicular 
direction through the position in the spot corresponding tt> the peak of the 
first scanning, hh'oni the iiliotojuctric records of the ahove-nieiitioiied scann- 
ings, the angular co-ordinates of the extra spot w’as found out and from them 
the angle of diiTraction was obtained. Tlic observed values of arc shown 
ill Tables 1, IJ, and 111. 

R t: vS r h T S 

We liave rciiresented geometrically the oliserved results in the TlwaUVs 
reciprocal lattice. Tor this purj)OSc we constructed first the latiice with 


vectors /u, /n, 


h;x where 

V 




(/;i X a , 

V 


and 


X n^, 

V~ 


Ui, a 2, Un 


being the primitive translations of the Cl ystal and V being vhc volume of the 
unit cell. A sphere was then diavvn with C as centre and radius CO^' i/A, 
(Fig i), where A is the wave length used, CO is the direction of the incident 
beam. If this sphere, known as the S[)here, of reflection passes through a reci- 
procal lattice point P, theic will be a selective Pragg rerieetion, the diiectioii of 
reflection lieing given by CP. Now, in the case of an ideal crystal in which 
the atoms are at rest at the correct lattice points these are the only reflections 
possible, but in actual crystals, the atoms are neither regularly arranged 
every w'here not at rest. In consequence, notable scattering of X-rays occurs 
even if the sphere of reflection dtj nut pass through a leciprocal lattice point. 
In fact around the reciprocal latiice points there exists a region of scalteiing 
such that if the sphere of reflection passes Ihroiigli any portion of this region, 
X-ray reflections of notable intensity is ob.served. Ju ordei to get an idea 
of the domain of scattering, we therefoie i>roceeded in Ihe follow'ing way. The 
directions of scattering corresponding to the different ]»oints in the extra 
spots were drawn on the reciprocal latiice. Then at the points, where the 
direetiou.s of scattering meet the sphere of reflection, weights j)roj)ortional to 
the intensity of scattering at llie points concerned were put. On lepiesenting 
the present measurement in the reciprocal lattice in this w'ay it is ufiserved 
that the positions of niaxinmm intensity in the extra siiots corresiiond to points 
lying on the a* axes of the reciiMocal latiice. 'This is shown in the cases of the 
equatoiial (0440) extra spot in figure 2. 
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TI.C icpn-scnts poinl.s wl.rrc th.. .li. .ctions .•orresp.,«,HnK U. (he 

tfxti ;i iiiMxiiua int*i t tljc* sphere of rchei'tiou 
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In the case of the streaks it is observed tliat in a partieulai pholo^^rapli the 
different points of maxiinniii intensity in tile streaks (alou.e the length of the 
streak) correspond to points ol the reciprocal lattice lying on the line of 
intersection of the planes parallel to planes by the si)hcre of icflectioii. 
The present ineasuiements. therefore, show that the reflecting regions around 
the reciprocallattice points arc like plane sheets parallel to tlie planes 
with regions of much stronger scattering along the axes. The small 
dimensions of the extra spots indicate that the strong scattering regions are 
fairly sharp extensions along the a'^ axes. 

Again it will be seen from Tables I, II and III that the ol)Served positions 
of the extra spots agree with the calculated ])ositiojis of the intersections of 
tlie liypothelical layer lines duo to rotation about the [ 1 1 2o] axis and the 
[oooij axis. '1 he angular co fjrcinatcs and (p corresponding to the intersec- 
tions of the hypothetical layer Hiich dues to rotation about [ti2o] axis and the 
[oooi] axis were calculated from the relations, 

cos n- 1 cos ^0# 

a 

l\ 

sm fi- , 


und cos <Y---cos /< cos \ 

where «'=tlie angles Ijetweeii [iraoj axis ami the scattered rays ; 

0O-/x = the angle between the foooi] axis and the scattered rays ; 

//, /, are the integers representing tlie res[>ective orders of layer lines, 

X — piojection of in the equatorial jilanc (b ig 3) 

~ + ('^0 '^0 being the angle between the [1120] axis and the 

incident ray. 

Now, the hypothetical layer lines due to rotation a))Oul [1120] axis 
correspond in the reciprocal lattice to planer extensions of tl?e reciprocal lattice 
pioiiUs parallel to the plane normal to the [1120] axis, /.c., parallel to a^’c^" 
])lanes. Similarly the layer lines due to rotation about tlic [oooij axis 
conespond to jdaner extensions of the rccijiiocal lattice ])oints parallel to the 
basal planes ijerpcndicular to the | oooij axis. The intersections of these two 
sets of layer lines, tlieicforc, corresj)on(l to points on the a'*' axes (/.c,, the line 
along wliich the basal idancs and the planes ineetj. vSo tlic agreement 
between the oliserved and the calculated positions in Tables I, II and 111 , 
also proves that the extra spots aie given by more or less sharp extensions of 
the reciprocal lattice points along the a'*' reciprocal lattice axes. The shape of 
the scattering domain around the leciyirocal lattice points, therefore, shows 
that the derangement waves, fwhetVier of thermal or other origin), responsible 
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for tilt* luflcdioiis, au: rcsti iclctl to i»laiies ])aral]cl to llic iilanes and 

those tiavellin;.' alone lliv a' axcsaie nioie di astic. 



\ 

\ 


\ 


UlG. 


DISCI' S S I () N 

I'roiii tile present jiieasinxinents, it has hecn ohserved that the iccipro- 
Ctii lattice iioinls have >shari> extension^, iilon.e the a"'" axes only. Tlie extra 
aiaxiina, conespondiiift to tile intersections of the ixtensioiis parallel to c' 
axes with the spheie of reflection, do not appear in any of these idiotoi^raphs. 
Hut in the case- of the pliotoj^raphs taken witli the X-iay beam alon^.; the 
[ootJi I axis, measureineuLs ol tlie an,i;les of ditTi action of the extra maxima 
from Hr photograph reproduced by lainsdale and Smith [ioc cii) shows that 
the extra maxima correspond to |>oints wheie lines parallel to the c*’‘ axes meet 
the sphere of reflcttiun. iNIoreover, extra maxima correspondint> to the 
l)Oinls where lines parallel to a " axes meet the splie re of reflection aie not 
l>resent in this pliotogvaph taken witli the incident X-ray beam along the 
[oooi] direction. The crystal used by Tonsdale and Smith is fairly large, 
so the extra spots are large in dimensions and consequently the presence of 
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an extra spot separated from another by small angles cannot be decided 
unambiguously. In the present investigation, therefore, photographs 
have been taken with a very small crystal. From these photographs 
also, it is observed that when the X-ray beam is incident along the 
[oooi] axis, the reciprocal lattice have extensions along c'*' and have 
no extension along a**' axes. For example, in our photograph taken 



I 


with the X-ray beam exactly along the J axis^ d will be observed 

that the position of the (0221) extra spot agrees with the position in the 
photograph conesponding to the intersection of the sphere of reflection wiih 
lines drawn from the (0221) reciprocal lattice point parallel to the axis 
but the extra spots coiresponding to the intersection of the sphere of reflection 
with lines drawn from the same reci], local lattice point parallel to a"*’ axes 
are absent. >Similarly in the j^hotograj^hs taken with the incident X-ray 
beam making difl’crenl angles witli the [0001] axis it has been obseved that the 
extra spots arc single spots cenresponding to the intersection of the sphere of 
reflection with the extensions of the reciprocal lattice points parallel to c'*‘ 
axes. From tiiese observations it may theiefore be concluded that the reciprocal 
lattice points have sharp extensioms parallel to c’^ axes or a* axes according 
as the incident beam is perpendicular to the basal planes ^planes normal to 
c axis) or lies in the basal planes. 

N0W4 according to the thermal theories the scattering domain around the 
reciprocal lattice points depends only on the temperature of the crystal and it 
does not depend on the direction of the incident beam. 'I'lie present obser- 
^ 5^1639?.— 6 
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vatioiis, therefore, slrow that the extra spots do not owe their origin to 
the llieriiial vihrations. Since tlie pattern of extra spots of benzil depend 
(jii tlie direction of the heam, it is very likely that the extra spots in this case 
are due to vilaalions set up hy tlie incident X-ray beam. The vibrations set 
up are probalily elastic vibrations which are quenced at the temperature of 
the liipiid air. This will account for the disappearance of the extra spots of 
benzil at the toniperature of the liquid air observed by Lonsdale and Smith, 
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Table II 

Showing positions of the nou-eqiiatorial extra spots from (044:;), (0332), 

and (0333) planes 


Angle between 
the incident 
X-ray beam 
and the 

[luio] axis 

i 

! 

Indices of ! 
the planes 
giving rise I 
to the extra i 

spots I 

1 

j 

j 

Observed ; 
horizontal ! 
angular co- ' 
ordinates ! 
<P of tJie I 
extra niaxi- 
ina j 

1 

Calculated values 1 
of </) corresponding j 
to the intersection j 
of the hypothetical j 
layer lines due to I 
‘ rotation about the ! 

[i2io] and [oooi 1 j 
axes 1 

Observed 
vertical 
angular 
coordinates 
fi of the 
extra 
axiiiia 

1 

Calculated values of 
M corrcspimding to 
the liypothctical 

1 layer lines due to 
rotation tihoul 
[000 1 1 axis 
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Table III 

Showing positions of the non-equatorial (0113) and (0114) extra spots 


Angle between 
the incident 
X-ray beam 
and the 

[1010] axis 
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the plane 
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layer lines due to 
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COMPARATIVE S TUDIES OF JOSHl-EFFECT Ul^DER SINGLE 
AND Bl-PHASE HALF-WAVE DETECTION 

Bv BIND BASNI f’RAS.AD 

'Rn'tivcii Ad luihUiniioii liiui /di;I 

ABSTRACT. rrodiuTiKji nl /.n// / m'//* ^’/ i-/: , Jti ’ii‘>T'intniiooii^ and rrvu.siblc- |)liut(j- 

varialiai) (nsnall\’ diniiiiiihnii) of ('iirKM)l / in dilirijU' I’xtitial bv a Ir traii^AjniiCT 

(lisihuiy^v, lia.s bi'vu ^Indit'd under miu-T and bi pliase l^^ll^A^a\e dcteetinii u double 

diode (o 1T6 Tlie eiirreiil In dark in llu laUia- w.is eninj)ai ;d 1ia\, while ml and 
lelaiive /(Lsi?/-r//er/ w cn ;neaii'r iLisial (in .1 Hanial inlerleia nee (if even liariiionie.s of f 
an explanation is dtw eloped loi the oliservc d du'ii ast of eondiietivity and iiieicasc of /_. / 
and %Ai under bbphavse dcUelioin 

I N T R 0 1) TJ CT r O N 

The marked siKiiiheancc of this cITat A/ in halogens and some oilier 
gases dtio to a given exciting poUiitial V (joshi, iQ-l.;, i<) 13 nl, as a hitlieilo 
unrecognised faeloi in current ilieories nl iiholo-i'lectric and discharge 
phenomena ; and especially the dependence of its magnitude on the nature 
of the current indicator, have heeii emphasised hy Joshi fujisd, kj 45 (i 1015/)). 
The latter influence was observed in a striking manner by the writer in a 
study of this effect niider iini- and bi-eledrode excitations (IVasad, 1946) 
In the present work, a study has been made of the influence of the nature of 
the impedance of the current indicator on the corresitundiiig. value of the 
Jushi-ejjccl in single and bi-phase detections, which correspond to half and 
full-wave detections. 


It X P H R I M K N T A b 

Tile general experimental airaiigeinent and the circuit employed aiv shown 
ill big. 1. A Siemens’ tyjie nzoniser lilied at about 300 111111 jnessure with 
purified chlorine, was excited at potentials varied in the range 4 to 10 kV 
(r. 111. s.) at 50 cycle ireiiuency. 'I'he discharg>e current I was admitted to 
the primary of a Bell transformei. .A double diode 6H6 (RCA) was used as 
the detector ; its cathodes were connected together thiough a D. C. milli- 
meter to the centre of the transformer seiondary. Three series of obser- 
vations under single and bi phase detections, of the jilate current were carried 
out when the ozoniser in dark (in), and irradiated lii,), with the arrangements 
(ii), (in), (it) desciibed latei. Using each of these circuits, tlie net Joshi- 
effect A; is given by in -a; 100 Ai/in denotes the relative /or/n-e^eef %Ai, 
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Only one of the typical sets of tliese results is returned in Tables I, II and III 
and (in part) expressed fiiaiihically in Figs. 2, 3 and 4. 

(o) I he diode was coupled inductively with the low tension line of the 
ozoniser circuit by means of the Bell trausfenner. In single phase detection, 
both the plates were ( onnected at a in Fig. i to the same secondary. 


Fiyl Joshi-'^ffcci unJpr Single andBi^f^hascDatecHm 



ond f>hase Dctpction Oj doshi*- a^cct 
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Single and Bi'^^haseDelecHoft of Jofhi^cffect 



Tablk 1 

Potential-variation of the Joshi-cftccl in Single luuI Pi-pliasu half-wave 
Dekclion : liulnctive Coupling 
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fig 4 Single and Bi-frhascJ>elecUon Of 
Joshi-Qjfoct 



TabIvK II 

i’fAciitial -variatioij of the lo^ln-rffcct in vSingae and Hi-phast half-wave 
Dckvtioii ; Indnctivc-Capacitalive Conplin.e 
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In the bi-phase detection, they were connected sciiarately at /?, / 3 . (.)ne of 

the series of results for jd, a, A; and %A; in single phase and bi-phase detec- 
tion using this circuit, in the potential range mentioned above, is shown 
in Table i. In Fig. 2 the variation of A/ and under both detections 

are shown gra-phically as a function of the applied jKitcntial in kV. 

Table III 

Potential- variation of the Jrtshi-rfjcrt in Single and Bi-jdiase ball-wave 
Detection : Inductive- Resistive Coupling 
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i(ti = Sii)gle phase ; — Bi-phnse 

(ill) In this ariangenicnt, the circuit in (1;) was modified by introducing 
a by-pass, 100 yyF, condensei between the plates and the cathode-line before 
the D. C. indicator, in single phase detection ; in bi-])hase detection, at the 

same position two equal condensers of 100 ///aF were connected to the plates 

on either side of the calhocle-linc- as shown 111 Fig. 1 (in). These results are 
returned in Table II and by curves for Ai and %Ai against kV in Fig, 3. 

(iv) The centre of the transformer secondary was left uu-coiinected and 
the capacities were replaced by cciual Dubiliar resistances of 4 kilo-ohms at 
iv in Fig. I. The results are shown in Table III and graphically in Fig. 4. 

D T S C U S S 1 O 

The threshold potential V™ (Joshi, rfjaq, i044fl) near which the system 
breaks down as a dielectric and below which Ai is not apjneciable was found 
_6 - j6;.9 P. -6 
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STUDIES OF THE OPTICAL PROPERTIES OF SOME 
ORGANIC CRYSTALS 

By M. N. DATTA 

ki'ii'ivcii for fntfilUatioji, Oct /, iy/7 

ABSTRACT. 'I'Ik dircitituis nl IL(‘ ujUiial priiuipal dirrt’l ions of tin iiumoc'linic 
anllir:Kjiiinon( and iia]))illi:d< lu IritiH Id'^ridc Ikim flfTrrininod for tl)rec 

diffi'uait w avi'-l( ni-dlis in Hit- fo ii 11, \ t llov\ and u‘d icin'on^ < >1 llic spta'trutn The principal 
rt'friK tiv(. indi(‘i^s tni lliest win (' li n^dhs have* Ina-n ddca'ininc d for Hie fj\Rtals of aiitlira- 
qiiinone tneta-dinitioben/ene, pliloroglm int' diliyclrnte and naphtludene iLtiac’hloridc. 

] N T R C) I) [T C T 1 O N 

Tlic oplic'al i.iojiLTlics ol f'rysials liavu attiaclcd ilic atlention of physicists 
and niiiKiDlopists from \L'iy early dav.s of science, kucciitly the sn1>jecl is 
tcccivinp. luncwed iiitcicsl owing to its impea lance in llu‘ delei inination of the 
atomic aiiaimcniLTith inside crystals. T'liis can pailicnlaily be said about 
aromatic organic cryslals wlieie the ojitical projierties give indications of the 
orientations of tlie l»enzenc rings inside the cryslals. Accordingly, a syste- 
matic invesligalion into the optica' jiropcities of organic cryslais have been 
undertaken in this laboralory. 

Of the four crystals tliat we have studied, two, namely, anthraquinone 
and Tiaiihthalene-tctiaclilo] ide belong to the nionoclinic system and other 
tw^o, namely iiKtadinitrobeii/eiic and phkiioglucine dihydratc belong to the 
orthorlioinbic system. So, for tlie former crystals it has been necessary to 
dctcimine the directions of the principal axes, while iii the latter they are 
fixed along the directions ol the ciyslailographic axes, hoi the nionoclinic 
crystals, ln)wcvcr, the niunoclinic axi.-^ is one oi llie piiiicifial axes wdiile the 
oilier two, which are at right angles to each other, lie in a plane normal to this 
axis. For the detenninatioii of the directi(ms of these basal axes, the crystal 
was mounted on Fedorov stage, placed between crossed nicols of a polarising 
micTOSCOpe, and the crystal wH'^ lotaled about the direction until extinction 
was obscived. The angle between the direction of the electric vector of the 
polarised light and a ciystal edge is measured accurately and hence the 
directions of the inincipal axes arc fixed. For the determination of the prin- 
cipal rcfracti\c indices, the feiikc method lias been utilised. For this purpose 
tlie crystal is immersed iu a drop of a liquid, whose refractive index is 
intermediate between two prinriixd indices of the crystal, and is mounted on 
the l‘edoro\ stage with the plane containing the Uvo principal directions 
noumd to the axis of the optical system. The ciystal is illuminated by pola- 
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risccl light and is rotated ahuui the a\is of llu' opucal systi in until the Ik'ckc 
Hue just disappears. This is repeated for another liiiuid of inteiniediate 
refractive index. The twt) piiuci[)al refractive indices cx and p* arc given by 
the relation, 

a 7 SI n * 1 H si n " if .> 

OO P ' *> O. It W 

»7(OS‘’f^l — )KjCOS“f^li 


where n y and are tliL leiraciive indices of the iwo liquids and and 
are the angles heUveeii ihc tirsl piincipal axis and the directions ol tlie electric 
vectors for the disappeaiaiice of the ikeke lines. 

In some crystals it is not t(»nvenieni to delermiik* a]l the lliree refractive 
indices 1)y this inelJuxI. In sucli cases the optic axial angle is deterniined on 
the ]kdoio\ stage. This gives us a furthei lelation between the principal 
refractive indices, o,, P’ and y, 


y 

a 


\ 






TanV, 


where is half the optic-axial angle 

All the nieasureiiieiils were carried out for tliioe parts id’ the spectrum 
namely, red, yellow and gieeii. Red light was obtained from an incanclesceiil 
electric lamp by filtering tlirougli two i>arallel walled glass vessels, feach j 5 
mill, thick) one containing ,005 gm of crystallised violet and tlie oilier 10 gins, 
of potassium chi ornate both dissolved in lOo cc. of water. 

Tlie mean W'ave-leiigtli of tlie transmitted light is 65(} /v*. Yellow light 
was obtained from a sodium arc lamp which gives a wavedengtli ol 589 /Ap. 
p"or the green light a mcicury arc with a filter of lliree parallel walled glass 
vessels (each 15 mm. thick), one containing logins, of jjotassiuin cliromate» 
and each of the other two 0.025 gms. of potassium permanganate, each of 
them dissolved in in 100 c.c. of water was used. iTie transmiUed wavelength 
is 546 


O P T 1 C A L P R O J’ p: R T I E 8 ( ) P A N T Tl R A Q U I N () N It 

Anthrafpiinone crystal was previously legarded as belcmging to the ortho- 
rhombic system but Sen from his X-ray studies ([(gjo) found that it really 
belongs to the monoclinic system which was confirmed by gonioinelrie and 
optical measurements. The t-axis, according to Grotli’s terminology, has been 
found to be the only symmetry direction and so this is one of llie principal 
optical directions. The dirtctioD.s designated by a and }> of Groth were 
considered, in conformity with the supposed orthorhombic character of the 
crystal, to be the other two princqral axes. It w’as shown by Sen that for 
sodium light the real principal axes in this plane make an angle of xff" with 
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these two axes respectively. Tlie results that have been obtained by us for 
the three different vvavcden^lhs with Ihe improved method of measurement 
are given in Table I. 

1'ablh I 


McniiJ X 

i AiigU between Grufh's ' a ' axis 
aiifl a principal optic direction 

Semi-optic-axial 

angle 


1 5 ‘35 V' 

71*23' 


16" 540" : 

71 *45' 


1 

T7''35'*1<'" 

i 72" 6' 


'file (Ji)tic axial plane was found to be normal lf> the principal direction 
lu aicsl tu (jroth’s * ’ axis and the semi-optic-axial aii.ele V is .eiven in tbe 

tliiid column of the Table I. 

'rile lelractive indices alon^’' the principal directions normal to the syni- 
meliy axis weic. determined by the Beche method and the other direction by 
utilising the value of V delenniiied as above. 'The results are given in Table IJ, 
d'he refractive index alone; the (ninei()al direction nearest to Croth's * ri ’ nxis 
has the highest value and hence it is de^signaled as cx according to the usual 
convention, The syumietry axis has the bjwesl refractive index wliich is 
accordingly designated as y. 


Tablk 11 


Mean A 

. u 

i 

1 


1 

y 


! I '816 

I "698 

2 '506 


' rSof) 

j 

I'bgo 

1 ’ 500 


d'licse results indicate that the planes of the benzene rings are very close 
to the cx-direction while they arc nearer to tlie /^direction than to the y-diree- 
tioii. These results agree with those obtained by Sen. 

«.) P T 1 C A L T’ R ( ) ]’ n K 'r J K S ( > 1- ] > 1 N I'J' R O U K N Z R N I- 

Ciystallographic data 
Orthorhfnnb. Bipyi . VV' 

a -4 

cT= i3\i7A, h— I4'odA, r - 3 ' 82 A. 

Mciistncvu ni , — Face angles of m-dinitroLt-iv/ene were measured by one circle 
gonimeter and its axes were recognised. A single crystal with its r-axis 
(long axis) horizontal is placed on flat face a on Fedorov universal stage 
between the crossed nicols. The principal refractive indices, along the h-axi« 
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and £;-axis were determined by the method of disappearance of Reck, line as 
described above. 

Refractive index along the remaining ]>riiiLipal diioetion was dilamined 
from the variation in refractive indeN: with cliarige of angular po^Uiou in a 
symmetry plane of the tiiaxial ellipsoid. 

The maximum and miniimini refractive indices were found to l)e along 
the c and the ri-axes respecli\ely. 'the values of the principal icliactive 
indices are given in 'I'able 111 where tx, /^* ami y according to eoininlion 
represent refractive indices ah'iig ihc « , />, and rr-axes reS|)ectivcly . 


Taulk 111 


Mcilll A 

■■ 1 
J- 

1 

/fl 

7 


' 1 

1 

l yy/ i 

j 

rSi)3 


1 I 

I IJ2 j 

1.766 1 



1 4 .V) i 
i 

1-76.1 

> '■‘*35 


() P T I C A k I* R () P E K T I 1^: vS t) V P H L O R O t; L U C I N () N 

D 1 ]I Y 1) R A T H 

Measurement of the i)nncipal refractive indices were carried liy tlic same 
method as that used for meladiiiiirolxar/cuc. 

The niaxiirmin and imninium refractive indices are along tlie b and lire a 
axes respectively and hence accoiding to usual convention ft and y represent 
the principal refractive indices along /», c and a-directious, Tlie retractive 
indices are given in Table IV. 

TABMi IV 


Mean a 

a 

\ 

& 

7 


I 1 bg2 

1 YjKy 

1'499 


1 1 659 

I '648 

1 j'4.Si 

6 5 6 mm 

! 1 Djq 

1 boy 

' 1 I'M 

’ R (.) r 

E R T I E ^ 

^ 0 1* 

N A 1 ‘ I 


r E T R A C II L o R 1 1) J-: 

The angle between the crystallographic axes and the principal axes in the 
plane (oio) were measured in tlie same way as was done in the case of anthra- 

quinone crystal. The angle between principal plane with m-face (no or no) 

is actually measured and from that angle with u-axis is calculated as angle 
between the m-face and the a-axis. The results are given in Table V, 
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Table V 

Mean A 

j Aji^Ie between a principle direction 
; and ' a ' axis 


2*16' 






Tlie tlirc-c jiriiicipal icl'inclivc indices were delenniiied by the same nietluid 
as ill tile eases of nieladinitrolR nzene and pldoroglLiciue diliydrate the results 
are j;i\’eii '1‘able VI. 


Tamue VI 


MciillA 


! ^ 

I 

7 


i ’793 

1775 

1*534 

I 

1*786 

1*766 

1*528 


1779 j 

r 756 

1*523 


(X|,/>’ and y represent the refractive indices corresponding to the principal 
directions close to the <i and c-axes and along the h-axis respectively. 
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A NOTE ON THERMAL FLUCTUATION 

By DULEH SINGH KOTHARI and LAXMAN SINGH KOTHARI 

joi July k;;7I 

ABSTRACT. In llio present iiott' tlie pruMnn ‘>1 llniTualinn pf inn slienni iT 

radiatinn and particles has 1>een treated i>n tlie ha-as of the LH'iieral dislrihnti jii l:nv, tor 
IRsse-Kinste’ii and h'enni Dirac Slalisties. Section j mentions the disti ihiition law and pives 
values of several coiistaiiis for the r xlrenn* rctTVtivistic and rion-relativistie cas( s. In section 2 
is discussed the eneirjy tluctiiatioii in a I'jxed vdinne. 'Hu' expiessions foi (he (hjctnations 
in ericrgv in a henni crossing an aiea» aie derived in the luxl seiliun. 'Fhe last section deals 
with the tmlropv of a heani It is iiote»l theiein tliat tlie eiitropv is linite fin a ht'ani of /,eio 
iiitciis'it^’^ and ahso that a heain nt linite inteiisitv hid zero eiitrojiv is possible. 

I. IN T R O D V C T 1 t) N 


In a recent ])apL-r l)y W. B. I^cwi> ^10-17) entitled ‘ r'luctnnlioiis in a vStream 
of 'riiennal Radiation,* exprussioiis liave lieeii duiivcd for lliicluations of 
energy in a radiat'oii heain and lor tlie iiiininiiiin detectahK^ ])0\ver liy an 
isolated body, connected to surioiuidiDgs only hy ratliation. In the present 
note the problem is discussed on the basis of Ibc general distril)nt)oii law 




Ih. -h/r 


(x) 


where is the number of jjartieles lying within the eiieigy laiige < and 

f; + Jc ; in volume a, of an assembly which is assumed t(» he at a temperatuie 
T, k is Boltzmanns ooiistant, ft-i for h'enni-Dirac vSlalislies and /) ■- '- 1 
for Bosc-Kinstein Statistics, V is a positive number exceeding unity, and D 
is another constant whose value depends upon the specific cliaiacler of the 
particles constituting the assembly. Tlie values of D and a' for the cases of 
interest arc given below ; 


{a) 1 ) = '^^'’^"; 5=3 where .g is the weight factor. This is the extreme 

li 

relativistic case and writing o-- 1 and r— hv we eet the Plaiu'k s Radiation 

formula. 

(b) D = ; A = -, where m is the mass of the paitirle ami /f 

its weight factor due to spin. This corresponds to the extreme non-relali- 
vistic case. 

The general case corresponding to tlie distribution law, ' €//:']■+ ^) 

a'' 

(A being the degeneracy parameter) will be discussed in a subseciueiit papci. 

- 7— 1639P — 6 
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The last section deals with the entropy of a stream of particles (or quanta). 
Wc shall follow as far as possible Lewis’ treatment 


2. It N E rt fi Y fluctuation in a fixed volume 


p’roin the theory of fluctuations it is known that the mean-square fluc- 
t>iali(J" of the number oi particles (or ((uanta) confined to the volume v is 

= ... (2) 

where N is llie totai nnml)er oi independent cells in tlie relevant phase-space 
and H the number of imrliclcs (or quanta). The mean-square energy fluc- 
tuation of the particles of energy <■ is given by 


I'roni the equations (i) aud (a), we have 


D 


T 

ih’ 


(3) 


'Taking ijn to be the mean energy, wc write 




(4) 


The general disiriinttion law then yields 

(c'/trT + /3) ’ 


(5) 


Makini-, proper substiUitions from the equations (/]) and (5), the relation 
(3) becomes ' 




X 


^.€/kr + fj 


( 6 ) 


In this expression if we put we gel V/ for a Fermi-Dirac assembly 

and if is taken to be — i, Lewis’ expression for radiation is obtained. 

It may be noted that in case (*-»feT, the second term in (6) is negligible 
and K‘'^ = »/o‘b ''"bich is the classical result. However, the second term pre- 
dominates if f <</v’T. 


Now lo t)btain tlic total cncr.L^y fluctuation we substitute the value of 
ijo from (5) in (()! and integrating over ihe entire range we get 







Putting 


the above equation becomes 


Ar;„2= 





... (7) 
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wnling y= — , we have 

ct + p 


AE“,2 = D(il’T)'+2 J -Jdy 


The second integral vanislics at both the limits and so 

Ot 

ae7=d(.v ( T).(n')'+^ f 

J (ri + h) 

It may be noted that 


... (S) 


00 



+ i) (B. K. S.) = (i-- 4 i) '.s + 1^1+ i) (F. D. s.), 


CO 

where 5 is tlie Reimatiii-ZeUi function : ^l.v)= — 

n » 1 n ^ 

In this equation if wc put the values of llie various constants corres- 
ponding to the B. Iv. S., we get (wJiich is lycwis’ equation (8)) 

\r~o (2nkT)^* 

^SC' h 

By the application of Stefan’s law we have AK„‘^ = 4 KT//rv, wlicre ICi is tlic 
energy density ot full black-body radiation of teniperature 

In the extreme uon-relativistic case equation («8), on subvStituting the 
values of the various constants, reduces to 


sn OcTY^ 'i 


... ig) 


yvhere 


b,=8V2 4x-j7-JIM). 


To express AE„^ in terms of the energy density, w e proceed to find an 
expression for the same. The energy density is 


^00 3 

^ 8V27rw^ r J 

E.= — fcT- J *■ 


writing C= v^. wc have 

li 1 


hr- -p-(fcT) m j d, . 


Equations (9) and (10) yield 

A^2=|E;feTv. 


•• (11) 
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j,. l\ N H K fV Y 1 - ri C T T" \ T [ O N I N A B K AM C R O S S I N O 

\ N A R 1' A 


C(jj)sidcrijj,K particles ^'or rpiaiiia) 'jf ciieigy ^ moving in all directions with 
a velof ily a, tlu iiunilici crossing an area a in unit lime is [niim, where ?i] 
is the iiuiiiljcr pci iiiiil volume 'I'Jie inean-S(|uare fliiclualion of energy 
crossin;* the area is giwn l»y 


I' j. 

Since '' (Jroiii e(|uali'>ii (5)) the total energy lliictuatioii 


' 7- J I B)- ‘ 


' 7 - J (r^//‘T I f:iy^ * 

Noting that in tlic case ol radiation n~c, we an ive al 


... (12) 


(2.7 

' .1 ' 


loa l^articlos in the noiMelalivistic case a— - and equatiou 

(['.:) 1)ecoines 


A,, o .\T7wa f AT 


Ir' J (rv'A’T 1 
(1 

Writing r'^o ///i' and treating the alw/e integral in the manner adopted 
in evaluating tlic integral ocenrring in (7), we find 

CTJ 

Aj<;„ = -i (//r )4 f yAL = (a-'i')’ . 

Ii'z ^ (ce hi) " h'^ 


wlicre 


llo=-4^ J 


Ivvpressing tlie \’alue of tlie total energy flnetnation across a in terms of 
the energy density, \ve get from eqin (10), 


A1.:,== 

\ m 


l/niva. 


(13) 


It may he of interest Xo note tlie expression fur time variation of flnc- 
tiiatioii ill a beam. If is llie rate of ilow of energy or ])Ower crossing area 
a. it can he shown that 


, - : 


I er V,,,,, 


/v’TKi a A/, 


where A/ is the Ireciiieney interval. 

In case the amount of enei^y ladiated by a body at temjieraturc T is 
equal to the energy received, the effective mean square fluctuation of energy 
is dcudiled, and we get 

, = ^ '‘T V^-TEx«A/. 
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I* N T K () r or \ i; i<: v i\i 

In tliis SL^cliuii we ^liall ikiiw an uxrrc'Ssion for t)u' cntory of a lioaiii of 
imrtiolcs (or quanta). To snni»lii> tli.* l)ro])lciii wu tako lliu hoani ti> l)u 
isolnjj)ic with rcsiiecl to dirootion and oonronlratcd u itliin a .small solid anfilo 
Ao. 'J'lie energy density of siieli a heani is ‘;iven I)\ 

_ ])/< ■ Af A( ) 

i\ - ; 

where small inlerxal in uliieli the eiierov of the 

^ -h p 

l>aiticles is confined, 'riie intensity «)f sneli a heani is given hy 

1 = 1)'' " 


where AT— — ^ 0 js the ani;le belweeli thedirectioii (if the 

beam and the noimal to the aiea considered and a is the velocity of the 
particles (or (iiianta). 

The enlro])y of tliis beam passing llnoiigh unit area in unit time is given 
by the formula 

S ^ - /c { ftii - nil- /-> 7 ) -i- // n/} AT. 

Ill order to find the ratio of entropy and intensity of the beam, a clinien- 
sionless quantity Q is defined by tlie relation 

q= 7 ,-. 


Using the exprtssious for S arid I, \vc Iiavc 

0 =- ^ |/f(T-/)Y)/'biT-/f/) + //(j/|. 


... fx 5 ) 


To get a belter picliirc w«.- only di.scuss tlie two cxIiLine ease.s. 'raking 
the first case in which (>>/,’T (i.c., J~ we obtain from (15) 


... (16) 


/ ^ ) 


'rhiis we find that both for jiarlicles and guanla Q tends to infinity. This 
signifies that the entropy is finite even for a beam of zero intensity. 

Considering the other extreme case in \\'hich *• < < 'f, w'e note that /=t 

I'T 

in the F. D. case and corresponding to the B. ll. case it is equal to 7 - (> >1). 

hv 

Thus the two cases have to be treated separately. 



3!2 


D. S. Kothari and L. S. Kothari 


In case of particles the equation (15) yields 

Q = (i-/J/n(i-/) = i-/. 
The value of Q for i)holous is easily seen to be 

0 ^. 


(17) 


i 

We, tlicrcfurc, note llial both for particles and photons a beam of finite 
intensity but zero enlinjjy is possible the case of photons has already been 
treated by lyandau (i(j46) reeenlly. 


Majjauana Piinii'AL Coium-.. 

Udaomjk. 


K Tv V V, R H N C R S 

Jvniidijii, Iv., oj ]'J}\>sirs (U. S. S. R.), Vol. X, No. (*, 

\\ . tr, i(;47, Pun , Pliys Soc , 59, 3.1. 
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BAND SPECTRUM OF CARBON DISULPHIDE~PART 1, 
(TRIATOMIC MOLECULE, CS,) 

By C RAMASASTRV and K. R. RAO " 

[Rccciiu’il 1(1} .Sr/i/ 5 , 

(Plait'S XI A and XIB) 

ABSTRACT. Tlic absoipliijii b.iinls of tlif vapour of vaib iii diMilpliiiiv au' pli itoj,o aplji il 
under different rouiliUoiis of pre.ssute and teniperatnre in tlie iiltia violet ii'-int; Jlilner 
.small and medium tpiarl/ instruiiiLmt.'. Tiu- beliavioiii of Itic eliaiaelen.'-fii b.iiids of llie 
CSj tnolerule belween A\.!_ioo-ig|o lias liceii exatiiiiieil .ind wave-li iit'lb data cl this .s>.s(eiii 
are prc.scnled in detail. Tiva jiromiiu nf proe;re.ssions are delected 'imonff I lie bands, only 
one of which was rep.irli'd previously by I’liee and Sonp.son. Whde the I’riee and Simp.son 
progression can be repre.sented a.s the traiisilion it, o, (.) ■> -(o, o, 0)", (he new luogre.ssion 
is interpreted a, s con i.sjionding to (e, o)'<— (n, o, o ". Tlris;1ead.s to the sup.gestion of a 
value of 235 cm ' hn tin' dclonii di.ui ircipienev of tlie iipiai eledronie .stale of the mole- 
cule which lias a value of .p'o cur' for (he coirc.sp mding fre(piciu'y in (he ground state, 


I N '1' If (I I) D C T 1 < ) N 

CS:i is oue of tile few polyat'diiic molecules, tlie band spectra of which 
have lieeii the subject of a number of investigations. Two sysleins are well 
established in the absorption speclnini of carbon disiilpliide in the tpiartz 
ultra-violet. The first lies between A3S00 and A^poo. The earliest e.\tensivc 
work on this system is that of Wilson, (iiftp) who pliolographed the ah.snrption 
bauds with a Hilger quartz K j .siicctrograph under various conditions of 
temperature and pressute and reported wave-lengths of about 650 hands. 
Jenkins (1929) photographed the same Imncls with a 2i-foot grating but 
could report only a partially resolved rotational structure of some of the 
bands. Mulliken (19.11) ascribed this system to a forbidden electronic 
transition which becomes allowed liy tlie vilironic selection titles, if the 
molecule is assumed to be slightly bent in the excited .‘■tale. This ex])lains 
the rotational structure ot the hands, consisting of simple P and R liranches, 
resembling those of a diatomic inolccnlo. Tliis rotational .structure was 
obtained for six bands of the system by Rieherman f 194 1), wlio established 
them as originating from the transition The vibrational analysis 

of the system is .still iar from eomjileie as it presents an uniistiidly large 
number of hands, the behaviour of wliicli varies considerably witli the 
temperature and pressure conditions of the vapour. But all workers who have 
attempted this analysis have found evidence of a frequency of about 270 cm“' 
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[Wilson (i()2C)), JenkinSs (ig^g), Watson and Parker (1931), Kusch and Loomis, 
find Licbcrman (ig^i)]. 'J'liis frequency was sui)poscd to he probably 
corresponding tf) i'/ in tlie uxcited state by all the investi};ators cxrejd 
Liel)ennan, who Iins sue, [jested that from the relative intensities of the two 
Ijronrcssions i>y^--o’and it is more likely to be the rj vibration Un 

aecyjunt ol the roniplieatcd nature of tlie spectium no definite assignineiit 
would be i)0ssible until a complete analysis is known. 

'J'be second system, Ivin^. in tlie region l)etweeu A:23oo-A 1850, is much 
more intense than the first, no tiace of ihe latter being found under conditions 
vvlien intense liands are recorded at Ai^oo, (Plate XlBUO )- Mulliken 
attributed tins system lo an allowed electronic transition. 

(iioii )' (III] 11)' ^s:^(iTon)'(niiii)" ^ 2 : 

besides Ihe early b\^ Ihuhat and Paulliciiucr (icr-.i) and hy Xielson 1 K)3(b 

iIr inosl inipurlanl in vesli-iaticm on this system is that due to Pi ice and 
Sinii)S(jii d'luse aiitliors photograj)hcd tlie l)amls with a \acuum 

speclro;’! a])li in tin region ))elov^ A ^300 and reported the occurrence of a long 
])rogression of al)oiit sixteen liamls with the mean w^ave-numliei interval of 
/[Toern"'. 'J'he first meiiibei of this progression was located at A 2175 or 
-I5050, from exjtei imeiils (m temjieratuie variation of intensities of the bands, 
'rile mean recurring value of ,^10 ciir' was definitely assigned to the 
vSymnietrical valence Ircqueiuy, v,', of the ui)per state, wliich has a value 
056 enr' ill tlie g.round slate, from a consideration of the selection rules and 
the a[q)earance of the speetrum. Price and Simpson have also indicated tliiil 
each band of this wstem is really Imill up of many coiiipouents ; the band 
at AjoSo, for exam])le, shows several heads witli intervals of qt) ciiT ' . The 
n)ultii)licily of tlie lieads was explained as due to rotational structure which 
arises as a result of the molecule becoming slightly bent in the upi)er state 
(about 2 or 3 degrees) and acquiring a relatively low moment of inertia. Tlie 
red degradation and rotational spacing are shown to be compatible with this 
hypotliesis. 

In addition to the above mentioned two systems, Price and Simpson have 
obtained several other absorption bands of carbon disulphide further down 
l)elow Ajooo ; (1) a strong l)and at A1S15 consisting of uvo coin])onents (2) a 
progression of seven bands lietween A1730 — AT650 with a SGi)aration of about 
8300111“’ (3) four bands between A1O12-A1S50, eaeli sliowing a- rotational 
structuie with rotatjonal sjuiciiig as wide as 7g cm“' and (4) a complicated 
set of bands betAveen A 1333 and A 1450 crowded together w’itliout any obvious 
regularities and various sets of diffuse bands below Ai 200. JNIany of these 
extreme ultra-violet band systems* exhibit iiille or no vibrational structure 
and are ascribed to transitions of coinif)aratively non-bonding electrons to 
excited orbitals which are mainl3^ aloinic in character. In contrast to this, 
the first two systems, mentioned earlier, are suggested to correspond to 
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transitions to ant i-bondiiin inolucular orhitals. No cotnulclc aiial3"sis 
exists for any of llie Ijand syslcnis iiulicalcd above and the need for further 
invcsti.^alion is obvious, on acoouui of the j^articiilar interest of the CS. 
absorption in connection with tlie structure of the vSpeoti a of trialoinic mole- 
cules. The ])rescnt pai)er describes the results of a detailed study ol tlie 
second absori>tiou system of molecule in the ree ion A.^;sOo toAiooo and 

presents an interpretation of a new inonrcssion detected amo]4: the bands* 


]? X P li R I M Tv X r A R 

Tlirec absorption lubes of leiiellis e.s ems , 15 cm^., and 5 cms., made of 
half ouch l)orc Pyrex class lubiiie are useth Plane (juart/ windows arc 
attached at either end with slu llat' fN. C\ lb C. Pure No r Brand, made in 
India). Tlie absorption tube is ])io\i(led with In tt .side tubes for inaintainin;.i 
a constant flow of the vapoin which is necessary and essential in exf^eriment.s 
with ])nl3cUoniic molecules that easily decom])ose. 'I'o one of the side 1 nbes 
a CSo containei’ with a lone and narrow ^tem is connected ])y means of a 
shoit leiietli of pressure tnl)iiu', ; tlu oilier side tulje is coiiiiecU-el to an 
cvacual iin: puiniu 'I'lie lion . )f the vajjour is 1 eejdaled h^' two screw pinch 
cocks. It is very important that the pressure condition in the tube should 
be constant diiriii.e an cxinisurc. Hence udlh each ahsorptioii tube two 
definite and reproducilde lae.ssuie conditions arc adjusted and inaintriined. 
In one case, the pinch (‘ock on llie container side is almost completely closed 
and that on the pump side fully opened. Tiiis is found to kivc a veiy steady 
condition, the slow (a])illary flow ol the vapour at tlie pincli cock on the 
container side admiltiny. ciiotieh vapour into tlie absorption tube to ensure 
a steady stream thrcaiyh iP Ihider these comlii ions the bands at the short 
wave-length end of the system ar<- pliotoiMaphed, In tiie second cast-, the 
])iiich cock on the container sid^ fully o]»eiKd. wdiile llial on the pump 

side IS veiy slu;htly opened, tlu puaiititv of vapour drawm off lyy the puni]) 

bcin- reduced considera! »ly . This condition is expected to correspond to 
the saturation vaiiour pressure of the licpiid at the temijei ature ol the 
containCM'. This arrangement cnupl he used to study the abson»tion at 
diflcrent pressures by immersion of tlie container in various temperature 
baths. Kx])erimen1s were tarried out by sorroundin;^ the container wdth 
ice-salt mixtures giviue temjHrauuiS between to — 2o"C. d'lie (‘hiof 
difhculty met w ith in tlii-^ case is tliat wdhiii a few minutes a solid de'i)Osit 
is formed on the windoA\’ nearer the souice ol coiitinnnns sj^ectrum, Sn that 
further eX])OSiirc becomes inelfectivt*. Heiic'c it is found advantageous to 
screw the pinch cock on the pnmi) .side only partially but not coiiijiletely. 
In spite of this precaution, the quartz window had to be removed, cleaned 
and attached again three or four times during an ex])fisure, taking care not 
to disturb the pinch cocks. 

The source of continuous spectrum is a high frequency discharge tluough 
iodine vafioni described elsewhere and found very easy to set up and coii" 
■ 8 — 1639P — 6 
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venitiil lc» work uilli whcii i'airly larijc* exposures arc required. For 

jiljoUjgr :i])hiriK tke specliuiii lw(.» instnnnenls are mainly used, (i) Hilgcr 

small quartz H havine a di.'.persion of 12 X ])cr nun. at A2000. 

29322 

(2) Ililger medium qiiaii/ spet lrograpli li3T5 giving a dispersion of 5 1 
I>er mm. at A220 c», As Ike speetnim ocaairs below A2400 the photographic 
jdalcsJiad to l)e siiccially scnsiiised for the extreme ultra-violet. Of the 
various sensitisers tiial are usually recommended and adopted the ordinary 
double shell luobil oil was found to be very satisfactory. A tliin film of oil 
was S])i cad on the plate bcfoiL* exposure. I'lie i>la 1 e was bathed m benzene 
befoie developme nt foi five imiiutes lo comt>letely dissolve aw’ay the oil film 
and then clevel(»i)ed using the caustic soda alkal odevelopei . 

R p: S Tt ], T Si 

A preliminaiy study of tlic hand s]>eclrnm under the varied ex]jcriniental 
conditions described above indicated that the legion ol absorption is deter- 
mined largely by the pressure conditions of the vap{)iir. With tlie lowest 
jnessnre used, (Plate XIA (0 the extieine hands below A20 (h> were developed, 
and the bands at longer w'ave lengths could be j)hot^»gi ai)lKd cuily when the 
vaj)f)Ur picssuie was raised considerably. Hut under tliese conditions 
(Plate XIA(a) the shorter wave-length side of the band system was found 
iiieiged in a coiitinuons absorption. Hy no adjustment of the iiressurc it was 
found possible to g,et tlie entire system from A3000 to ^^1850 at a single 
exposine. The wodtli of each band aNo de]>eiids (.)n the piessure condition hi 
the a])Sor]jtioii tube at any particular lemperatLire. Seemingly narrow bands at 
certain piessures api)ear as wade and red degraded as the vatioiir pres.siire 
is changed and even split up iulo a number of coinponcnls cwxm at the low 
dispersion used (foi example Ajoii.s) (Plate XI Ac and ii\ 

This leads to a difficulty in estimating tlie lelative intensities of the bands. 
But by successive conj])arison made over short ranges ot the vSi)ectnnn, it 
can be stated that in general, the intensity of the system is greatest in the 
region A2o5n and fall- off ou eitlier side— a distribution of intensity which may 
be regarded as corresponding to I'ranck-Condon vaiiation. 

Plates XIA and XIB slmw^ a series of photogiaiuis of the bands under 
different conditions, the details of which are ex]ilained at the end. Tlieie are a 
iiuinber of very characteristic features of these bands which might prove 
helpftil in interpreting their structure. 

T. The system prc.sents the unmistakable appcaiancc of a long pi ogres- 
sion consisting of many members.* (Plate XI) A. 

2. The bands are generally degraded low’ards the red end and many of 
them distinctly show very composite structure, consisting of a number of 
w’idely spaced sub-heads ; as many as eight of these sub-heads were measured 
in two or three of these members. The association of the sub-heads to the 
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itiain nicuiber may be uncertain aiul cannot be deckled until the rotational 
structure is known. These sub-lieads jirobably form the rotational structure 
of the bands. 

3, Apart from the aceonipanyin.e sub-heads, each member consists of two 
main com]>onents one of winch is niucli more intense than the other. The less 
intense component loo apiveais to be lesolvable undei dispersion; 

it becomes broader like the main eoinpcmenl Nvitli cliaii.ye of v:ii)0\n pressure 
and lias a shari) violet e(le,e. This feature is observed elearly in Plate XIA(c). 


n X LMv \ N A 'r 1 1 » N « ) 1' IJ V. P p A T K vS 

Plate XlA-a ems jition tiiPe , atit »n \ p of C'S-^ at so” (hijiiliest tllective path 

leiiglJi used, hands ol),sorv( d in tlir region Ijiu 11 i hands in tlu^ :;isn legion) 

Idate XTA-0 -»5 cms. UiIk' ; y)nnip ci ait iiiin - iisIn' worhing 'tlie systtan is not inesent) 

Vlal(' XlA-i 1.5 mis tiiho , at sataiaLon \ p of ai ;,i) 

Plate XlA-d ,, v\it[i the [uinip C'inliniioiislN \\<Mhing 

PIcUl \IA-i' s uns Inhi , wiili the piiiiUi cfintiniiously uorLing I low esttlleidive path 
leiigih iisedj 

Plate Xlll-n nuaiiiini cjuai f/ sjki ivoipani , is (.ins, liilx , s v.p. ot CS^ (proiiiinenl vSOj 
hands are als(* seen) 

Plate XIB-/1, r and (/ '.senis tidx 1 eontinu'»iis evaeiial ion . at lenip 30^, and J5(/c 
(0 shows onlv the 2:,oo ^U'm , 1 ir and (f show hands iti the 33n(»\ ugioii also due to (ASg, 
rS. SC), S etc.) 
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The nieasnrenicnls below aix fioii) hiiiall quartz .si>cclia>^vai)h. 
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4, A luiiubci ol sharper bauds are ol)Served whieh ha\'e a .soiiiuW'hat 
linedike appcaiaiiee and oeeui 1110SII3' alK)Ve Aai8o (PlaU‘ Xllhr) A::ioS is one 
such band XI Ab). It persists as liue-like and does lud chan.^e in appearance 
with ])ressnie. It may l)e an atomic absorjHion line but couhl not l)e identified 
with any such known line- 

A coiiiplete cataloeiie of the wave-lengths of all the obseived band heads 
is ^iven in Table (I), d'he intensity values cannot be taken as determined 
on uniform comparison. At be.'^t, they mve relative values of bands which 
oevur close together. I)o\vn to /Va 17^:^ the wave-lengths are determined from 
the Ililger medium quart/ plali and the rest from the small instrument. 
There is an over-lap])ing region IjeTween the two sets of measurements ; the 
iliffei cnees are due, chiefly, to the partial resolution of the rotatioiral structure 
in the larger dispersion. Plate XlB(a) vshows the spectrum with the medium 
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quartz instrmncul br;t\V(jeu and Aji^d. It indii'ale.s, biuvially, tlic 

desirability of further investij-atioii with a still lu.yhci disiiei^iou. Some 
pioinincnt beads aie also seen, wliicli aie elu,' to oc’eurrime as an iinjiuril)' 

in some exposures. Such bauds are indicated in tlie tal)le Iiy an asterisU. 


1> 1 S C P S S 1 (t N 

'1 he intense bands are ananyed by Piic<. and Simpson to foini into a 
proyressiou with a mean freejuency of about 410 cm I'or convenieiue, tlie 
wave-numbers of these I)ands are civen l)elov,, ('rablelD toyether witli the 
correspondluy values from our meas-memenis. Altbom.;li there aiipeai to l.e 
lai'tte discrepancies in the siiccessiw \\a\e nnmber intervals, the rAidence froni 
the pliotoyrai>hs shows that tlieio can be no doubt as to the icalily of the 
progression itself. The disci e))ancies may be due to ilu imusolved rotational 
structure and the low dispersion of the specti (\yiat>h. 
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The fust band oi (liis pio^i^ressioii was located by Price and Simpson at 
^15950. Onr pholf^crajiiLS definitely indicate the occurrence of at least one 
more luenibei and llie orie.in is inoie ]»robably at v 45542. The behaviour of 
tlie bund at different leiiijteratui es — chiefly at very low temperatures — is yet 
to be determined. 

The lelalion of tins ('liaracleristic lieipieiic}^ to the fundaniental frequen- 
cies in tlie C\Sy; niolucule was discussed by J^rice and Simpson, In the ground 
stale, Raman Idled and Inlra-red data have establislied die fundaineiital 
ll eijUeiK i(. s of this molecule as 

S>imnL'lri( a) \aJeiRL frecjuency or breathing frequency - I'l — 656 

l_)efnjmation or liendine, fuquency ... co ™ 400 

Anlnsymmetric-al fretjueiicy ... ... ... i'3“i523 

dl Uiese, r, is the oiijv totally symmetrical ficcpic. iicy, the two remaining 
being non-lotally syiiniR ti ical. Ileizbcig and d'eller s selection rules for an 
aliowed electionic tiansiti^an arc : 

1. 'I'otally syiiimeU'ical vibration can iiiKlcrgo any change 

±<-1, 1, 2,... 

2. Nointolally symmetrical vibiations will cliange in even values, 

i.c., Ae= ±0, 2, 4,... 

]n si>ite of the agieemeiit of llie frequency 410 cm”^ with the deloriiiatioii or 
beiiding fru|Uency 111 the giouud stale, still it has In lie assigned to the 
Lipljer slate of the molecule, as the selection rules permit only the totally 
symmetrical vibration frequencies to apiicar in absorption fiom the viBra- 
tionless giound state. Further, if this progre.ssion Were to arise from 
viliratmg ground slate, the inteiivSity distribution among the bands should be 
delcriniiied by the lioltzman factors, which would make the bauds at the 
long wavelength end quite weak The observed intensity, namely, a gradual 
rise and a gradual fall, is more in accordance with the I'ranck-Condon 
juinciple. From the above considerations, this freijUeiicy of 410 cm“^ is to 
be identified with llie symmetrical valence freciuciicy iq' of the upper state. 

In aildition to the above nientioiied progression, detected by Price and 
vSimpson, the idiolograplis have revealed the existence of another, which has 
not been reported by any of the iirevious investigators. It was mentioned 
eaiiier that caeh of the intense members of the Ihice and vSimpson progression 
is accompanied by a less intense but veiy prominent component, occurring 
at about x po or 70 cm*^’ towards the shorter wave-length side of each. 
There arc two possibilities of intei jReting these bands; one is to regard 
llicm as components of a doublet^electroiiic level (the intense heads forming 
the other comj)onciil) ; but the CS2 molecule cannot give rise to doublet 
electronic states. They cannot also form part of the rotational structure, 
because the heads occur towards the shorter wave-length of the main bands 
whereas the main bands arc degraded to the red. The other possibility is to 
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consider them as formiiig aiiothci progression having ai)proxiniately the 
same fiequency difference 410 cin“‘. For clearness, these band heads are 
shown below ; 
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In spite of tlie irregnlarities in the wa\ciuunber intervals, llie icality of this 
progression cannot l>e doiil^led. The interval l)et\\een this and llie Piicc and 
Simpson progression may 70 cm“\ or 470 cni”\ S70 cm b This sliows 
that the bands do not ai isc bom vibiating ground slates. If, h(A\evcr, the 
interval of 470 ems*”^ is legarded as corres]>nnding to two quanta (>f (twice 
2*^5 cms.*~M, the deformation fretjueiicy of the n])pcr stale, the new piogics- 
sion can be iiiterjuelcd as due to tbc transition (•', 2, o)^*^’^‘(u, o, 
while the main progression (Price and Sini[>Son s) can be 1 epiescaited as 
(j)//. Dnr photographs have indicated, besides these two 
])i ogressions, the exist taicc o[ several line-like liaiids , the ex[>kniatioi) of these 
is not yet clear; they will, pcrhajrs, be nntlerslo(>d wlien the lot.itional 
structure, tlie variation of intensity wdth tempeiatuiej and othci (hauK teiis 
tics of the bands are studied and tlie tliird freiiucmy of the nirpei state is 
established. Attempts in this direction are in jaogress. 

AKOIIHA IlNlVliRSlTY, 
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